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NEW USE OF INTERFERON BETA ^^^^^agef pyg 

FIELD OF TEIE INVENTION 

Hie present invention relates to vise of an interferon P polypeptide having at least 70% 
identity with wildtype human interferon p. for the manu&cture of a medicament for 
treatment of stroke or cerebrovascular accident (CVA), or transient ischemic attack in 
a primate, in particular a human. 

BACKGROUND OF THE INVENTION 

Interferons are important cytokines characterized by antiviial, antiproliferative, and 
inummomodulatory activities. These activities form a basis for the dinical benefits 
that have been observed in a number of diseases, including hepatitis, various cancers 
and multiple sclerosis. The interferons are divided into tiie type I and type H classes. 
Ihterf«on beta (also designated IFNB or IFN-P) belongs to the class of type I 
interferons, which also includes interferons a, t and <a, whaeas interferon y is the 
only known member of tiie distinct type H class. 

Human IFNB is a legulatoiy polypq)tide with a molecular waght of 22 kDa 
consisting of 1 66 amino acid residues. It can be produced by most cells in the body, in 
particular fibrobhists, in response to vbal infection or exposure to other biologies. It 
bmds to a multimeric cdl surfece receptor, and productive receptor binding results in 
a cascade of intracelhilar events leading to tiie expression of IFNB inducible genes 
which in turn produces effects which can be classified as antiviral, antiproUferative 

v« 

^ and imnmnomodulatoiy. 

J The amino add sequence ofhnman IFNB was reported by Taniguchi, Gene 

10:1 1-15. 1980, and in EP 83069, BP 41313 and US 4686191. 

Crystal structuies have been reported for human and murine IFNB, 
respectively (Proc. Natl. Acad. Sd. USA 94:11813-11818. 1997. J. Mol. Biol. 
253:187-207, 1 995). Th^ have been reviewed in CeU Mol. Life Sd. 54:1203-1206, 

1998, 

Rdatively few protein-engineered variants of IFNB have been reported (WO 
9525170, WO 9848018, US 5545723, US 4914033, EP 260350, US 4588585, US 
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4769233, Stewart et al. DNA Vol 6 no2 1987 pp. 1 19-128. Runkel et al, 1998, Jour. 
Biol. Caiem. 273. No. 14. pp. 8003-8008). 

Expresaon of IFNB in CHO ceUs lias been reported (US 4966843, US 
5376567 and US 5795779). 

RedliA et al, Proc. Natl. Acad. Sd., USA, VoL 88. pp. 4040-4044, 1991 
disclose immunoreactivity of antibodies against synthetic peptides corresponding to 
peptide stretches of recombinant human IFNB with the mutation C17S. 

IFNB molecules with a particular glycosylation pattern and mefliods for Iheir 
preparation have been reported (EP 287075 and EP 529300). 

Various references disclose modification of polypeptides by polymer 
conjugation or glycosylation. Polymer modification of native IFNB or a C17S variant 
thereof has been reported (EP 229108. US 5382657. EP 593868. US 4917888 and 
WO 99/55377). US 4,904.584 discloses PEC3ylated lysine depleted polypeptides, 
wherein at least one lysine residue has been deleted or replaced with any other amino 
acid residue. WO 99/67291 discloses a process for conjugating a protein with PEG. 
wherein at least one amino add residue on the protdn is deleted and the protein is 
contacted with PEG under conditions sufBdent to achieve conjugation to the protein. 
WO 99/03887 discloses PEGylated variants of polypeptides belonging to the growA 
honnone superfamUy, wherdn a cysteine residue has been susbstituted with a non- 
essential ammo add residue located in a spedfied region of the polypeptide. IFNB is 
mentioned as one example of a polypeptide belonging to the growth hormone 
supeifemily. WO 00/231 14 discloses glycosylated and pegylated IFNB. WO 
00/23472 disdoses IFNB fiision protdns. 

Commerdal preparations of IFNB are sold under the names Betaseron® (also 
termed interfeon pib. wWdi is non-glycosylated, produced using recombinant 
bacterial cells, has a deletion of theN-teiminal methionine residue and the C17S 
mutation), and Avonex™ and RebifS) (also termed interferon pia, wHdi is 
glycosylated, produced using recombinant mammalian cells) for treatment of patients 
with multiple sclerosis, have shown to be efifective in redudng the exacerbation rate, 
and more patients remain exacerbatioit-ftee for prolonged periods of time as 
compared with placebo-treated patients. Furtheraaore, the accumulation rate of 
disability is reduced (Neurol. 51 :682-689, 1998). 
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Comparison of interferon pia and pib with respect to structure and function 
has been presented in Pharmaceut Res. 15:641-649, 1998. 

IFNB is the first thenq?eutic intervention shown to delay the progression of 
multiple sclerosis, a rdi^sing then progressive inflammatory degenerative disease of 
the central nervous system. Its mechanism of action, however, remains largdy 
unclear. It appears that IFNB has inhibitory efifccts on the proUferation of leukocytes 
and antigen presentation. Furthermore. IFNB may modulate the profile of cytokine 
production towards an anti-inflammatory phenotype. Finally, IFNB can reduce T-ceU 
migration by inhibiting the activity of T-cell matrix metaUoproteases. These activities 
are likely to act in concert to acoounl for the mechanism of IFNB m MS (Neurol. 

51:682-689, 1998). 

In addition, IFNB may be used for the treatment of osteosarcoma, basal ceU 
carcinoma, cervical dysplasia, glioma, acute myeloid leukemia, multiple myeloma, 
Hodgkin's disease, breast carcinoma, melanoma, and viral infections such as 
papilloma virus, viral hepatitis, heipes genitalis, heipes zoster, herpetic keratitis, 
herpes simplex, viral encephaUtis, cytomegalovirus pneumonia, and ihinovirus. 
Various side effects are associated wifli the use of current preparations of IFNB, 
including injection site reactions, fever, chills, myalgias, arthralgias, and other flu-like 
symptoms (Clin. Therapeutics, 19:883-893, 1997). 

WO 01/15736 discloses novel IFNB conjugates comprising a non-polypeptide 
moiety attached to an IFNB polypeptide which have been modified by introduction 
and/or ddetion of attachment sites for a non-polypeptide moiety such as PEG and of 
glycosylation sites. The molecules have improved properties, such as improved half- 
Ufe and/or reduced reactivity with neutralizing antibodies raised against current IFNB 
products. 

BRIEF DISCLOSURE OF THE INVENTION 

The present invention relates to treatment or prevention of stroke (also known 
as cerebrovascular accident (CVA» in a i»hnate, m particular a human. The present 
invention also relates to treatment or prevention of transient ischemic attack m a 
primate, in particuhir ahuman. There are two mam ways •Twain attacks" canhappai 
ischemic and hemonliagic strokes. Ischemic stroke comprises embolic stroke, 
cardioemboUc stroke, fluombotic stroke, large vessel thrombosis, lacunar inferction. 
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arteiy-artecy stroke, and aryptogenic stroke. Hemonbagic stroke comprises subdural 
stroke, intraparendiyinal stroke, ^idural stroke, and subarachnoid stroke. 

Accordingly the present invention relates to use of an interferon p polypeptide 
having at least 70% identity with \irildtype human interferon p, for the manu&cture of 
a medicament for treatment of stroke m a primate preferably a human. 

In another aspect the present invention relates to use of an interferon P 
polypeptide having at least 70% identity wifli wildtype human interferon p, for tiie 
manufacture of a medicament for treatment of isdhemic stroke in a primate preferably 
a human. In an embodiment ischonic stroke conqnises embolic stroke cardioembolic 
stroke, thrombotic stroke, large vessel tiurombosis, lacunar in&rction, artery-artery 
stroke, or cryptogenic stroke. 

In a iurther aspect the pr^ent invention relates to use of an interferon P 
polypeptide having at least 70% identity with wildtype human interferon p, for the 
manufacture of a medicament for treatment of hemonhagic stroke in a |»imate, 
preferably a human. In an embodiment hemonha^c stroke comprises subdural stroke, 
intr{Q>arenchymal stroke, ^idural stroke, or subarachnoid stroke. 

In a fiirther aspect the present invaition relates to use of an interferon p 
polyp^tide having at least 70% idaitity with wildtype human interferon p, for tiie 
manufacture of a medicament for treatment of transient ischemic attack hi a primate, 
preferably a human. 

In a forther aspect the jnesent invention relates to a method of treating stroke 
in a primate, preferably a human, whidi metiiod comprises admtnistermg an eflfective 
amount of an interfenm P polypeptide having at least 70% idaitity viritii wildtype 
human intoferon p. 

In a fortfier aspect the present invention relates to a method of treating 
ischemic stroke in a primate, preferably a human, whidi method comprises 
administering an effective amount of an interferon p polypeptide having at least 70% 
identity with wildtype human interferon p. 

In a iurther aspect the present invention relates to a method of treating 
hemorrhagic stroke in a primate, preferably a human, which method comprises 
administering an effective amount of an interferon p polypeptide having at least 70% 
identity with wildtype human interferon p. 
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In a further aspect the present inventioii relates to a method of treating 
transioit ischemic attadc in a primate, preferably a human, which method comprises 
administering an effective amount of an interferon p polypeptide having at least 70% 
identity with wildtype human interferon p. 
DETAILED DISCLOSURE OF THE INVENTION 

In the present application a number of refistences are refened to. They ate all intended 
to be incorporated herdn by reference. 



Definitions 

In the context of the present application tiie following definitions apply: 

The term "conjugate" (or interchangeably "conjugated polypeptide'^ is 
intended to indicate a heterogeneous (in tiie sense of composite or dmneric) molecule 
formed by tiie covalent attachment of one or more polypeptide(s) to one or more non- 
polypeptide moieties. The tenn covalent attachment means fliat the polypeptide and 
the non-polypeptide moiety are either direcfly covalently joined to one another, or 
else are indirectly covalentiy joined to one another through an intervening moiety or 
moieties, such as a bridge, spacer, or Imkage moiety or moieties using an attachment 
group present in the polypeptide. Preferably, tiie conjugate is soluble at relevant 
concentrations and conditions, i.e. soluble in physiological fluids such as blood. 
Examples of conjugated polypeptides for use in tiie invention mclude glycosylated 
and/or PEGylated polypeptides. The term "non-conjugated polypqjtide" may be used 
about tiie polypeptide part of tiie conjugate. 

The term "non-polypqptide moiety" is mtended to mdicate a molecule 
tiiat is c^le of conjugating to an attachment group of a polypeptide for use in tiie 
invention. Preferred examples of sudi molecule include polymer molecules, sugar 
moieties, lipophilic compounds, or organic derivatizing agents. When used in tiie 
context of a conjugate as described herein it wiU be understood tiiat tiie non- 
polypeptide moiety is linked to tiie polypeptide part of flie conjugate tiirough an 
attachment group of the polypeptide. 

The term "Jwlymer molecule" is defined as a molecule formed by 
covalent linkage of two or more monomers, wherein none of tiie monomers is an 
amino add residue, except where tiie polymer is human albumin or anotiier abundant 
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plasma protein. The tam "polymer" may be used interchangeably with the term 
••polymer molecule''. The term is intended to cover carbohydrate molecules attached 
by in vitro glycosylation, i.e. a synflietic glycosylation performed in vitro normally 
uivolving covalendy linking a carbohydrate molecule to an attachment group of the 
polypeptide, optionally using a cross-linking agent Carbohydrate molecules attached 
hy in vtvo glycosylation, such as N- or 0-glycosylation (as further desaibed below)) 
are referred to herein as "a sugar mwety". Except where the number of non- 
polypeptide moieties, sudi as polymer molecule(s) or sugar moieties in flie conjugate 
is expressly indicated every reference to "a non-polypeptide moiety" contained in a 
conjugate or otherwise used herein diall be areference to one or more non- 
polypeptide moieties, sudi as polymer molecule(8) or sugar moieties, in the conjugate. 

The term "attachment grovq)" is intoided to indicate an amino acid 
residue group of the polypeptide capable of coupling to the relevant non-polypeptide 
moiety. For instance, for polymer, in particular PEG conjugation a fiequentiy used 
attachment group is the e-amino groxq) of lysme or theN-tenminal amino groiq>. Otiier 
polymer attachment groups include a free caiboxyUc acid group (e.g. that of tiie C- 
terminal amino acid residue or of an aspartic acid or glutamic acid residue), suitably 
activated carbonyl groups, mercapto groups (e.g. that of cysteme residue), aromatic 
add residues (e.g. Phe, Tyr, Trp), hydroxy groups (e,g. that of Ser, Thr or OH-Lys), 
guanidine (e.g. Arg), Imidazole (e.g. His), and oxidized carbohydrate moieties. 

For in vtvo N-glycosylation, the term "attachment group" is used in an unconventional 
way to indicate the amino acid residues constituting an N-glycosylation site (with the 
sequence N-X'-S/T/C-X", wherein X' is any amino acid residue except proline, X" any 
amino acid residue fliat may or may not be identical to X' and preferably is different from 
proline, N is aspaiagine and S/T/C is either serine, threonine or cystdne. preferably serine or 
threonine, and most preferably threonine). Although the asparagine residue of the N- 
glycosylation site is the one to which flie sugar moiety is attached during glycosylation, such 
attadunent cannot be adiieved unless the other amino acid residues of the N-glycosylation 
site is present Accordingly, when the non-polypeptide moiety is an N-linked sugar moiety, 
the term "amino add residue comprising an attachment group fbr the non-polypeptide 
moiety" as used in connection wifli alterations of the amino add sequence of the parent 
polypqjtide is to be understood as amino add residues constituting an N-glycosylation site 
is/are to be altered in sudi a manner fliat dther a functional N-glycosylation site is introduced 
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into the amino acid sequence or removed fiom said sequrace. For an ''O-glycosylation site** 
fhe attachment group is &e OH-group of a serine or threonine residue. The sugar moiety 
attached to a glycosylation site is typically sialylated, however, the sialic add residues may 
be removed, eg by enzymatic cleavage, to produce an asialo-glycosylated IFNbeta 
polypeptide. 

The tOTn **one difference" or "diflfers from" as used in connection with 
specific mutations is intended to allow for additional dififerences bdng present ^>art 
from the spediied amino acid difference. For instance, in addition to the removal 
and/or introduction of amino add residues comprising an attachment group for the 
non-polypeptide moiety the IFNB polypeptide may comprise other substitutions ttiat 
are not related to introduction and/or removal of such amino add r^idues. The term 
"at least one" as used about a non-polypeptide moiety, an amino acid residue, a 
substitution, etc is intended to mean one or more. The terms **mutation" and 
"substitution" are used interdiangeably herdm. 

In the present application, amino acid names and atom names (e.g. CA, 
CB, CD, CG, SG, NZ, N, O, C, etc) are used as defined by the Protein DataBank 
(PDB) (www.pdKorg'^ which are based on the lUP AC nomenclature (lUPAC 
Nomenclature and Symbolism for Amino Adds and Peptides (residue names, atom 
names e.tc.)> Eur. J. Biochenu^ 138, 9-37 (1984) together with flieir corrections in 
Eur. J. Biochem., 152, 1 (1985). CA is sometimes referred to as Co, CB as Cp. The 
t^m "anodno acid residue" is intended to indicate an amino add residue contained in 
&e groxqp consisting of alanine (Ala or A), cysteine (C^s or Q, aspartic add (Asp or 
D), glutamic add (Glu or E), phenylalanine (Phe or F), glycine (Gly or G), histidine 
(His or H), isoleudne (He or I), lysine (Lys or K), leudne (Leu or L), methionine 
(Met or M), asparagtne (Asn or N)» proline (Pro or P), glutamine (GUi or (J), arginine 
(Arg or R), serine (Ser or S), threonine (Thr or T), valine (Val or V), tryptophan (Trp 
or W), and tyrosine (Tyr or Y) residues. The terminology used for idmtifying amino 
add positions/substitutions is illustrated as follows: CI 7 (indicates position #17 
occupied by a <^stdne residue in the amino acid sequence shown in SEQ ID NO 2). 
C17S (indicates that the cysteme residue of position 17 has been replaced with a 
serine). The numbering of amino add residues made herein is made relative to the 
amino add sequence shown in SEQ ID NO 2. '"Mlder is used about a deletion of tiie 
methionine residue occupying position I • Multiple substitutions are indicated with a 
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e.g. R71N+D73T/S m^ms an amino acid sequence whidi comprise a 
substitution of Ifae arginine residue in position 71 wi& an asparagine and a 
substitution of fte aspartic acid residue in position 73 with a threonine or serine 
residue, pirferably a threonine residue. T/S as used about a j^ven substitution herein 
means eitfier a T or S residue, preferably a T residue. 

The term '"nucleotide sequence" is.intended to indicate a consecutive 
stretch of two or more nucleotide molecules. The nucleotide sequrace may be of 
genomic, cDNA, RNA, semisynflietic, synthetic origin, or any combinations thereof. 

The term '^IFNB protein sequence femily" is used in its conventional 
meaning, i.e. to indicate a group of polypeptides witih sufficiently homologous amino 
acid sequences to allow alignm^t of the sequences, e.g, using the CLUSTALW 
program. An IFNB sequence family is available, e.g. from die PFAM families, 
version 4.0, or may be prepared by use of a suitable computer program such as 
CLUSTALW version 1.74 using default parameters (Thompson et al., 1994, 
CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment 
through sequence weighting, position-specific gap penalties and weight matrix choice. 
Nucleic Acids Research, 22:4673-4680). 

"Ceir, **host cell*', "cell line" and ''cell culture" aroused 
interchangeably herein and all such terais should be imderstood to include progeny 
resulting from growth or culturing of a cell. *Transfomiation" and 'transfection" are 
used interchangeably to refer to the process of introducing DNA into a cell. 

**Operably linked" refers to the covalent joining of two or more 
nucleotide sequmces, by means of CTzymatic ligation or otherwise in a configuration 
relative to one anotiber such that the normal function of the sequences can be 
performed. For example, the nucleotide sequence encoding a presequence or secretory 
leader is operably linked to a nucleotide sequence for a polypeptide if it is expressed 
as a pieprotein that participates in ttie secretion of the polypeptide: a promoter or 
enhancer is operably linked to a coding sequence if it affects the transcription of the 
sequence; a ribosome binding site is operably linked to a coding sequence if it is 
positioned so as to fiicilitate translation. Generally, ''operably linked" means that die 
nucleotide sequences being linked are contiguous and, in die case of a secretory 
leader, contiguous and iii reading phase. Linking is accomplished by ligation at 
convenient restriction sites. If such sites do not exist, then syndietic oligonucleotide 
adaptors or linkers are used, in conjunction wifii standard recombinant DNA mediods. 
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The term ''introduce" is primarily intended to mean substitution of an 
existing amino add residue, but may also mean insertion of an additional amino add 
residue. The temi "remove" is primarily intended to mean substitution of the amino 
add residue to be removed by another amino add residue, but may also mean deletion 
(without substitution) of the amino add residue to be removed 

The term "immunogenidty" as used in connection vnfh a given 
substance is intended to indicate tibe ability of the substance to induce a response fiom 
the immune system. The immune response may be a cell or antibody mediated 
response (see, e.g., Roitt: Essoitial Immunology (8^ Edition, Bladcwell) for further 
definition of immunogenidty). Lnmimogenidty may be detmnined by use of any 
suitable method known in the art, e.g. in vivo or in vitro, e.g. using the in vitro 
immunogenidty test outlined in the Materials and Methods section below. The tenn 
"reduced immunogenicity" as used about a given polypeptide or conjugate is intended 
to indicate that the conjugate or polypeptide gives rise to a measurably lower immune 
response than a reference molecule, such as wildtype human BFNB e*g. Rebif or 
Avonex, or a variant of wild-type human IFNB such as Betaseron, as detennined 
under comparable conditions. When reference is made herein to commerdally 
available IFNB products (i.e. Betaseron, Avonex and RebiQ, it should be understood 
to mean either the formulated product or the IFNB polypeptide part of the product (as 
appropriate). Normally, reduced antibody reactivity (e.g. reactivity towards 
antibodies present in smim fixnn patients treated with commerdal IFNB products) is 
an indication of reduced immunogenicity. 

The term "functional in vivo half-life" is used in its normal meaning, i.e. the 
time at which 50% of a given functionality of the polypeptide or conjugate is letained 
(such as the time at whidi 50% of flie biological activity of the polypeptide or 
conjugate is still present in the body/target organ, or the time at which the activity of 
the polyp^tide or conjugate is 50% of ttie initial value). As an alternative to 
detemiining functional in vivo half-life, "serum half-life" may be detemiined, i.e. the 
time in which 50% of tihe polypeptide or conjugate molecules circulate in the plasma 
or bloodstream prior to being cleared. Determination of serum half-life is oftm more 
simple tiban determining functional in vivo half-life and the magnitude of smun half- 
life is usually a good indication of the magnitude of functional in vivo half-life. 
Alternative terms to serum half-life include '^plasma half-life", "circulating half-life", 
"serum clearance", *^lasma clearance" and "clearance Kalf-life". The functionality to 
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be retained is normally selected &om antiviral, antiproliferative, immunomodidatory 
or receptor binding activity. Functional in vivo half-life and serum half-life may be 
detennined by any suitable method known in the art as further discussed in the 
Materials and Metinods section hereinafter. 

The polypeptide or conjugate is normally cleared by the action of one or 
more of tiie r^culoaidotfaelial systems (RES), kidney, spleen or liver, or by ^ecific 
or unspecific proteolysis. Clearance taking place by the kidneys may also be referred 
to as **renal clearance'' and is e.g. acconqilished by gjom^ar filtration, tubular 
excretion or tubular elimination. Normally, clearance depends on physical 
characteristics of the polypeptide or conjugate, mcluding molecular weight, size 
(diameter) (relative to the cut-off for glomerular filtration), charge, symmetry, 
shape/rigidity, attached carbohydrate chains, and flie presence of cellular receptors for 
tiie protein. A molecular weight of about 67 kDa is considered to be an important cut- 
off-value for renal clearance. 

Reduced renal clearance may be established by any suitable assay, e.g. 
an established in vivo assay. Typically, the renal clearance is determined by 
administering a labelled (e.g. radiolabelled or fluorescence labelled) polyp^tide or 
polypeptide conjugate to a patient and measuring the label activity in urine collected 
firom the patient. Reduced renal clearance is determined relative to the corresponding 
non-conjugated polypq)tide or the non-conjugated corresponding wild-type 
polypeptide or a commercial IFNB product under comparable conditions. 

The term ^creased'* as used about the functional in vivo half-life or 
serum half-life is used to indicate that the relevant half-life of the conjugate or 
polypeptide is statistically significantiy increased relative to'tiiat of a reference 
moleoile, such as an un-conjugated wildtype human IFNB (e.g« Avonex or RebiQ or 
an unconjugated variant human IFNB (e.g. Betas^n) as d^ermined under 
comparable conditions. 

The term '^reduced immunogenidty and/or increased flmctional in vivo 
half-life and/or increased serum half-life'' is to be understood as coving any one, 
two or all of these properties. Preferably, a conjugate or polypqptide as described 
herein has at least two of these properties, i.e. reduced immunogenicity and inoneased 
fiinctional in vivo half-life, reduced immunogenidty and increased serum half-life or 
mcreased functional in vivo half-life and increased serum half-life. Most preferably, 
the conjugate or polypeptide has all prop^es. 
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The term '\inder comparable conditions" as used about measuring of 
relative (rather than absolute) properties of a molecule for use in the invmtion and a 
refermce molecule is intended to indicate that flie relevant property of die two 
molecules is assayed using &e same assay (i.e. the assay is performed vnder Ihe same 
conditions including die same internal standard), and, when relevant, the same type of 
animals. 

The term ''exhibitmg IFNB activity^ is intended to indicate that the 
polypeptide or conjugate has one or more of the functions of native IFNB, in 
particular h\xman wildtype IFNB with the amino acid sequence shown in SEQ ID NO 
2 (which is the mature sequence) optionally expressed in a glycosylating host cell or 
any of the commercially available IFNB products. Such functions include capability 
to bind to an interferon receptor that is capable of binding IFNB and initiating 
intracellular signalling from the receptor, in particular a type I interferon receptor 
constituted by the receptor subunits IFNAR-2 and IFNAR-1 (Domansid et ah, The 
Journal of Biological Chemistry, Vol, 273, No. 6, pp3144-3147, 1998, Mogensra et 
al.. Journal of Interferon and Cytokine Research, 19: 1069-1098, 1999), and antiviral, 
antiproliferative or immunomodulatory activity (which can be determined using 
assays known in die art (e.g. those cited in flie following disclosure)). IFNB activity 
may be assayed by methods known in the art as exemplified in the Materials and 
Methods section hereinafte*. 

The polypeptide or conjugate **exhibiting" or **having" IFNB activity is 
considered to have sudi activity, when it displs^s a measurable function, e.g. a 
measurable receptor binding and stimulating activity (e.g. as determined by the 
primary or secondaiy assay described in the Materials and Methods section). The 
polypeptide exhibiting IFNB activity may also be temied '*IFNB molecule'', IFNB 
variant polypeptide'* or *TFNB polypeptide" herein. The terms 'WNB polypeptide", 
'IFNB variant" and ^Variant polyp^tide" are primarily used herein about modified 
polypeptides for use in the invention. 

The term ''parent IFNB" is mtended to indicate the starting molecule to 
be improved in accordance with the present invention or, when relevant, the invention 
according to WO 01/15736, Preferably, the parent IFNB belongs to the IFNB 
sequence femily. While die parent IFNB may be of any origin, such as vertebrate or 
mammalian origin (e.g. any of the origins defined m WO 00/23472), die parent IFNB 
is preferably wild-type human EFNB with the amino acid sequence shown in SEQ ID 
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NO 2 or a variant thereof. In the context of a paraat IFNB polypeptide, a ^Varianf* is a 
polypeptide, which differs in one or more amino acid residues from a parent 
polypeptide, nomially in 1, 2,3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino acid 
residues. Examples of wild-^e human IFNB include the polypqitide part of Avonex 
or Rebif. An example of a parent IFNB variant is Betaseron. Altematively, fhe parent 
IFNB polypeptide may comprise an amino acid sequence, whidi is a hybrid molecule 
betw^n IFNB and another homologous polypeptide, siich as interferon a, optionally 
containing one or more additional substitutions introduced into the hybrid molecule. 
Such a hybrid molecule may contain an amino acid sequence, which diffm in more 
than 10 amino acid residues from the amino acid sequence shown in SEQ ID NO 2. In 
order to be useful as a parent polypq)tide the hybrid molecule exhibits IFNB activity 
(e.g. as determined in the secondary assay described in the Materials and Methods 
section herein). Other examples of variants of wild-type human IFNB ftat may serve 
as parent IFNB molecules in flie present invention are the variants described in WO 
01/15736 having introduced and/or removed amino acid residues comprising an 
attachment group for a non-polypeptide moiety, any IFNB molecule described in WO 
00/231 14, WO 00/23472, WO 99/3887 or otherwise available in the art. 

The term "functional site" as used about a polypeptide or conjugate for 
use in the invention is intended to indicate one or more amino acid residues which 
is/are essential for or oA^wise involved in the function or performance of IFNB, and 
thus ''located af ' the functional site* The functional site is e.g. a reoqitor bindmg site 
and may be determined by methods kno^ in the art, preferably by analysis of a 
structure of the polypeptide complexed to a relevant receptor, such as the type I 
interferon receptor constituted by IFNAR-1 and IFNAR-2. 

The term 'Variant' is used to denote that amino add residues of the parCTt 
polypeptide have been changed. The glycosylated variant may also be termed an 
IFNB conjugate (comprising a non-polypq>tide moiety being a sugar moie^ attached 
to the polypeptide part of the conjugate). 

Normally, the in vivo glycosylation site is an N-glycosylation site, but also an 
O-glycosylation site is contemplated as relevant for the present invention. 

In the present context the tmn 'increased glycosylation^* is intended to 
indicate increased levels of attached carbohydrate molecules, normally obtamed as a 
consequence of increased (or better) utilization of glycosylation site(s). The inoieased 
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glycosylation may be determined by any suitable method known in the art for 
analyzing attached carbohydrate structures. One convenient assay for determining 
attached carbohydrate stractures is the mefliod described in Example 7 and 8 
h^nafter. 

A method of increasing in vtvo glycosylation of a parent IFNB polypq>tide 
that comprises at least one in vivo glycosylation site» ccmiprises 

i) substituting an amino add residue occiQ>ying a first position located close to 
the in vivo glycosylation site of Ae parent IFNB polypeptide with a second amino 
acid residue to produce a variant IFNB polypeptide, 

ii) measuring the degree of glycosylation of flie variant relative to that of the 
parent IFNB polypeptide as obtained from expression in a glycosylating host cell, 
under comparable conditions, 

ill) if necessary repeating step i) to substitute the second amino add residue with a 
third amino acid residue and/or to substitute an amino add residue located in a second 
position close to the glycosylation site with a second amino add residue and repeating 
step ii) of dther the parent polypeptide or the variant polypq)tide resulting from step 
i), 

steps i)-iii) bdng rqpeated until an increased in vivo glycosylation is obtained 

An amino add residue "located close to'* a glycosylation site is usually located 
in position -4, -3, -2, -1, +1, +2, +3 or +4 relative to the amino acid residue of the 
glycosylation site to whidi the carbohydrate is attached, in particular in position -2, - 
1, +1, or +2, such as position -1 or +1. Thus, the amino add residue located close to 
an N-glyoosylation site (having the sequence N-X'-S/T/C-X' may be located in 
position -3, -2, -1 relative to the N-residue, at position X' or X*' (m which case 
the amino add residue to be introduced is preferably different from proline), or at 
position +1 relative to the X** residue. 

The amino add modification is normally a substitution, the substitution bdng 
made with any other amino add residue that gives rise to an increased glycosylation 
of the IFNB variant as compared to that of the parmt IFNB polypeptide. Such otiier 
amino add residue may be determined by trial and error type of ejqieriments (i.e. by 
substitution of the amino add residue of the relevant position to any other amino add 
residue, and determination of the resulting glycosylation of the resulting variant). 

In principle the parent IFNB polypeptide to be modified in accordance wifli 
the present invention may be any polypeptide exhibiting IFNB activity and having at 
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least one glycosylation site, in particular an N-glycosylation site. Suitable parent 
polypeptides are gfvm in the section hereinabove entitled '13efinitions" and may 
include a wildtype (wt) IFNB e.g. wt human IFNB, or a non-naturally occurring IFNB 
polypeptide, e.g. a variant or fragment of wt human IFNB. 

The parCTt IFNB polypeptide may comprise more than one glycosylation site, 
e,g, 2-10, such as 2-7 or 2-5 glyco^lation sites. The glycosylation site may be a 
naturally-occuning glycosylation site or an introduced glycosylation site, preferably 
an N-glycosylation site. The N-glycosylation site defined by N80 and T82 of wildtype 
human IFNB is an example of a naturally occuning glycosylation site. 

When the parent IFNB polypeptide comprises at least one introduced N- 
glycosylation site, said site is preferably located in a position which is equivalent to or 
being any of those described in the section ratitled ^'Conjugate of the invration 
according to WO 01/1 5736" or "Conjugate of the invention according to WO 
01/15736 wh^ein the non-polypeptide moiety is a sugar moiety". 

An "equivalent position" is int^ded to indicate a position in the amino acid 
sequence of a given IFNB polypeptide, which is homologous (i.e, corresponding in 
position in d&er primary or tertiary structure) to the relevant position in the amino 
acid sequence shown in SEQ ID NO 2. The "equivalent position" is conveniently 
detemiined on the basis of an alignment of members of the IFNB protein sequence 
feniily, e.g. using the program CLUSTALW version 1 .74 using defauU parameters 
(Thompson et al., 1994, CLUSTAL W: improving the srasitivity of progressive 
multiple sequence alignment through seqamce weighting, position-specific gap 
penalties and wdght matrix choice. Nucleic Adds Research, 22:4673-4680) or from 
published aligmnrals. 

Hie temi "an interferon p polypeptide having at least 70% identity witii 
wildtype human interferon P" is intended to indicate an interferon beta molecule 
having an amino acid sequence which is £rom 70% to 100% identical to the amino 
add sequoice of wildtype human interferon p as detemined by using tiie 
CLUSTALW program mentioned above. Thus, the interferon p polypeptide having at 
least 70% identity with wildtype himian interf^on p includes but is not limited to the 
parent IFNB polypeptides or variants thereof as described above, the conjugated or 
non-conjugated IFNB polypeptides and variants thereof as described, above, interferon 
pib (Betaseron®), and interferon pia (Avonex® and RebifiS)). 



m 

02S6dkllO 



15 



111 one aspect &e ptes&at invmtion relates to use of an interfcaron P 
polypeptide having at least 70% identic with wildtype human interferon for the 
manufacture of a medicament for treatment of stroke in a primate, preferably a 
human. 

In another aspect the present invention relate to use of an interferon p 
polypq)tide having at least 70% identity with wildtype human interferon P, for the 
manufacture of a medicament for treatment of ischemic stroke in a primate, preferably 
a human. 

Embodiments of ischemic stroke comprises embolic stroke, cardioembolic 
stroke, dirombotic stroke, large vessel thrombosis, lacunar infarction, artery-artery 
stroke, or cryptogenic stroke. 

In a further aspect the present invention relates to use of an interferon p 
polypeptide having at least 70% identity with wildtype human interferon p, for the 
manufacture of a medicament for treatmmt of hemorrhage stroke in a primate, 
preferably a human. 

Embodimmts of hemorrhagic stroke comprises subdural stroke, 
intr^arenchymal stroke, epidural stroke, or subarachnoid stroke. 

In a further aspect the present invention relates to use of an interferon p 
polypeptide having at least 70% identity with wildtype himian interferon P, for the 
manufacture of a medicament for treatment of transient ischemic attack in a primate, 
preferably a human. 

In one embodiment the interferon p polypeptide is selected from interferon . 
pib (Betaseron®), and interferon pia (Avonex® and Rebif®). In an altmative 
embodiment, wildtype human interferon P is disclaimed. 

In a further embodiment the interferon p polypeptide is glycosylated. In a specific 
embodiment the interf^on P polypeptide is asialo-glycosylated. 

In a further onbodiment the interferon p polypeptide comprises a polymer, 
such as a PEG molecule. 

In a further embodimrait the interferon p polypeptide is a glycosylated variant 
of a paraat IFNB polypeptide comprising at least one in vfvo glycosylation site, 
wherein an amino acid residue of said parent polypeptide located close to said 
glycosylation site has been modified to obtain a variant polypeptide having an 
increased glycosylation as compared to the glycosylation of the parent polypeptide. 
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In a specific embodimeat, the patent IFNB polypeptide is ivt human IFNB 
comprising one or more introduced glyco^lation sites, which site(s) is/are introduced 
by means of substitution(s) as defined in the section entitled ''Conjugate of the 
invention according to WO 01/15736 wherem die non-polypeptide moiety is a sugar 
moiety'\ When the parent IFNB polypeptide is derived finom wt human IFNB it 
nomially also comprises naturally-occurring glycosylation site at position N80. 

For instance, the parent IFNB polypeptide comprises an introduced 
^ycosylation site in a position equivalent to at least one of the following positions 2, 
49, SI or 1 11 of the amino acid sequence of wt human IFNB with tfie amino acid - 
sequence shown in SEQ ID NO 2 (as defined by the amino acid substitutions 
S2N4-N4T/S, Q49N+Q51T/S. Q51N+E53T/S or Fl 1 IN+Rl 13T/S, respectively) 
and/or comprises a glycosylation site in a corresponding position of that of the wt 
human IFNB s^juence defined by N80+T82. The variant for use in the invention 
prepared fi-om such parent IFNB poIypq)tide further comprises an amino acid 
substitution in a position located close to the N-glycosylation site, e.g. in a position 
corresponding to or being position 1, 48, 50, 79 or 1 1 0 of SEQ ID NO 2, the 
substitution being with an amino acid residue which is different fi-om fliat occupying 
the relevant position in the parent polypeptide and capable of giving rise to an 
increased glycosylation at the relevant glycosylation site as compared to the parent 
IFNB polypeptide* 

More i^edfically, in accordance with one embodiment of the prescoit 
invention tbe variant is prepared fi-om a parent IFNB polypeptide comprising an 
introduced giiycosylation site defined by a substitution equivalent to or being 
Q49N+Q51T/S of SEQ ID NO 2, the variant further comprising a substitution of the 
amino add residue located in an equivalent position to or being K4S, Q46, L47» Q48, 
FSO, or K52 of SEQ ID NO 2, tiie substitution bdng made to an amino add residue 
which gives rise to increased glycosylation at said introduced glycosylation site as 
compared to that of the parent IFNB polyp^tide. Preferably^ tiie amino add residue 
to be substituted is located in a position equivalent to or bdng Q48* 

In another embodiment the variant is prepared fix>m a parent IFNB 
polypeptide comprising an introduced glycosylation site defined by a substitution 
equivalent to or bemg Fl 1 IN+Rl 1 3T/S of SEQ ID NO 2, flie variant fiirther 
comprising a substitution of the amino add residue located in an equivalent position 
to or being El 07, Kl 08, El 09, Dl 1 0, Tl 12, or Gl 14 of SEQ ID NO 2, the 
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substitution being made to an amino acid residue which ^ves rise to increased 
glycosylation at said introduced glycosylation sUe as compared to that of the parent 
IFNB polypeptide. Preferably, the amino add residue to be substituted is located in a 

position equivalent to or being Dl 10. 

Ill yet another embodiment the variant is prepared ftom a parent IFNB 
polypeptide comprising an introduced glycosylation site defined by a substitution 
equivalent to or being Q51N+E53T/S of SEQ ID NO 2, the variant further comprising 
a substitution of the amino add residue located in an equivalent position to or bdng 
L47, Q48, Q49, F50, K52, or D54 of SEQ ID NO 2, fte substitution bdng made to an 
amiiio add residue whidi gives rise to increased glycosylation at said introduced 
glycosylation sUe as compared to that of the parent IFNB polypeptide. Preferably, the 
amino add residue to be substituted is located in a position equivalent to or bdng 
Q49. 

In yet another embodiment the variant is prepared fiom a parent IFNB 
polypeptide comprising an introduced glycosylation site defined by a substitution 

equivalent to or bdng S2N+N4T/S of SEQ ID NO 2, the variant fiirther comprising a 
substitution of the amino acid residue located in an equivalent position to or bdng 
Ml , Y3 or L5 of SEQ ID NO 2, the substitution being made to an amino add residue 
which gives rise to increased glycosylation at said introduced glycosylation site as 
compared to that of the parent IFNB polypeptide. Preferably, the amino add residue 
to be substituted is located in a position equivalent to or bdng Ml . By use of 
^♦t p //www.cbs.dfi» ^/.^nrices/SignalPA it has been verified that all amino add 
substitutions are allowed in position 1 of SEQ ID NO 2 (i.e. allows for correct signal 

peptide cleavage). 

In yet another embodiment the variant is prepared from a parent IFNB 
polypeptide comprising a naturally occurring glycosylation site located in a position 
equivalent to or bdng N80 and T82 of SEQ ID NO 2, the variant fiirther comprising a 
substitution of the amino add residue located in an equivalent position to or being 
S76, T77, E78, W79, E81 or 183 of SEQ ID NO 2. the substitution being made to an 
amiiio add residue which gives rise to hicreased glycosylation at said introduced 
glycosylation site as compared to fliat of the parent IFNB polypeptide. Preferably, the 
amino add residue to be substituted is located in a position equivalent to or bdng 
W79. 
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For instance, the variant accoiding to this aspect comprises at least one of the 
foUovnng sets of mutations: 
Q48F,V,W,Y + Q49N4Q51T/S; 
Dl 10F,V,Y + Fl 1 IN+Rl 13T/S 

all mutations bang indicated relative to the amino acid sequence shovm in SEQ ID 
NO 2. 

It will be understood that glycosylation ftom glycosylation sites introduced in 
other positions than those specifically mentioned above (e.g. in a position occupied by 
any surftce «q»sed amino add residue as defined in WO 01/15736) may be modified 
analogously to what has been desaibed above. 

Furthennore, it is presently preferred Aat the parent IFNB polypeptide to be 
modified is free from a free cysteine residue, eg. from the cysteine residue located in 
position 1 7 of SEQ ID NO 2. Pref«ably, when the parent polypeptide is derived &om 
wthumanlFNB the parent comprises a non-cystdne amino add residue in position 
17. e.g. the mutation CI 7S. relative to the amino add sequence shown in SEQ ID NO 
2. 

In yet another embodiment the parent IFNB polypeptide to be modified in 
accordance with this aspect comprises at least one introduced and/or removed amino 
add residue comprising an attachment group for a second non-polypeptide moiety. 
For instance, the introduced and/or removed amino acid residue is as described in the 
section entitled '♦Conjugate of the invention according to WO 01/15736", "Conjugate 
of flie invention accoiding to WO 01/15736 wherein the non-polypeptide moiety is a 
molecule that has lysine as an attachment group", '♦Conjugate of the invention 
according to WO 01/15736 wherdn the non-polypeptide moiety binds to a cysteine 
residue", or "Coi«ugate of the invention according to WO 01/15736 wherein the non- 
polypeptide moiety binds to an add group", and thus the parent IFNB polypeptide is 
the polypq)tide part of a conjugate as described in any of these sections. 
TTie amino add reddue comprising an attadraient group for a non-polypeptide moiety 
is, e.g., a lysine reddue. In a spedfic embodiment the parent IFNB polypeptide 
c<^prises at least one substitution of an amino add residue located in an equivalent 
podtion to or bdng K19, K33. K45 and K123, the lydne residue preferably bdng 
substituted with an R residue. 

In a fiirther embodiment tiie interferon beta polypeptide comprises one of the 
followmg sets of mutations (indicated relative to SEQ ID NO 2): 
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C17S+Q49N+Q51T+F1 1 1N+R113T; 
S2N+N4T+C17S+Q51N+E53T; 

C17S+K19R+K45R-K349N+Q51T+F111N+R113T+K123R; 

C17S+K19R+K33R+K45R+Q49N+Q51T+F111N+R113T+K123R; 

S2N+N4T+C17S+K19R+K45R+Q51N+E53T+K123I^ 

S2N+N4T+C17S+K19R+K33R+K45R4Q51N+E53T+K123R; 

S2N+N4T+C17S+K19R+K45R+Q51N+E53T+FlllN+R113T+K123R;or 

S2N+N4T+C17S+K19R+K33R+K45R+Q51K+E53T+F1 1 IN+Rl 13T+K123R. 

When the parent IFNB polypeptide comprises the mutation Q49N-K551T/S. 
the variant according to this aspect preferably fiirflier comprises the substitution 
Q48F,V,W,Y. When the parent BFNB polypeptide comprises the mutations 
Fl 1 IN+Rl 13T/S, the variant preferably further comprises the substitution 
D110F,V,Y. 

It will be understood that when flie parent IFNB polypeptide and thus Ihe 
variant comprises an introduced and/or removed amino add residue comprising an 
attachment group for a second non-polypeptide moiety, the variant is preferably not 
only glycosylated, but also conjugated to the second non-polypeptide moiety via at 
least one introduced attachment group. The second non-polypeptide moiety is usuaUy 
different ftom a sugar moiety, and is normally a polymer, such as PEG. The section 
entitied ''Non-polypeptide moiety of a conjugate of tiie invention" describes suitable 
polymers and other types of non-polypeptide moieties whidi can be used as second 
non-polypeptide moieties for conjugation of the variants according to this aspect. 

In a further embodiment tiie interferon P polypeptide comprises one of the 
following sets of mutations relative to wUd-type human interferon P with the amino 
add sequence shown in SEQ ID NO 2: 
DllOF; 
C17S+D110F; 
C17S+Q49N+Q51T; 
C17S+F111N+R113T; 
C17S+Q49N+Q51T+F1 1 IN+Rl 13T; 
Dl 10F+ Fl 1 1N+ Rl 13T; 
C17S+DnOF+ Fl 1 1N+ RUST; 
C17S+Q49N+ Q51T+D110F+F111N+R113T; 
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CI7S+K19R; 
C17S+K33R; 
C17S+K45I^ 

C17S+K19R+K33R+K45R; or 

C17S+K19R+K33R+It45R+Q49N+ Q51T+D1 10F+ Fl 1 1N+ Rl 13T, 
optionaUy comprising one or more polymers, eg one or more PEG molecules. 

Jn a furthCT embodiment the interferon p polypeptide has the amino add 
sequence: 

MSYNLLGFLQ RSSNFQSQKL LWQLNGRLEY CLKDRMNFDI PEEIKQLQNF 
TKED AALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT 
VLEEKLEKEF NTIX3KLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI 
LRNFYFINRL TGYLRN, 

optionaUy comprising one or more polymers, eg one or more PEG molecules. 
In a further embodiment the interferon p polypeptide has the amino add 

sequence: 

MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CLRDRMNFDI PEEIRQLQhfF 
TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT 
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH CAWTIVRVEI 
LRNFYFINRL TGYLRN, 

optionally comprising one or more polymers, eg one or more PEG molecules. 

In a further embodiment the interferon p polypq?tide further comprises a PEG 
molecule, in particular a 12kDa or 20kDa PEG, eg. mono-PEG 20kDa. When the interferon 
beta molecule is PEGylated it usually comprises 1-5 polyethylene glycol (PEG) molecules. In 
a forther embodiment the interferon beta molecule comprises 1-5 PEG molecules, such as 1 , 
2 or 3 PEG molecules. In a further embodhnent eadi PEG molecule has a molecular wd^t 
of about 5 kDa (kilo Dalton) to 100 kDa. In a further embodiment each PEG molecule has a 
molecular wdght of about 10 kDa to 40 kDa. In a furth» embodiment eadi PEG molecule 
has a molecular weight of about 12 kDa. In a further embodiment each PEG molecule has a 
molecular wdght of about 20 kDa. Preferably the interferon beta molecule comprises 1-3 
PEG molecules eadi having a molecular wdght of about 12 kDa, or 1 PEG molecule havmg 
a molecular wdght of about 20 kDa. Suitable PEG molecules are available fiom Shearwater 
Polymers, Inc. andEnzon, Inc. and may be seleded fiom SS-PEG,NPC-PEG, alddiyd-PEG, 
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mPEG-SPA, mPEG-SCM. mPEG-BTC, SC-PEG, tresylated mPEG (US 5,880^55), or 
oxycaibonyl-oxy-N-dicart>oxyiiiiide-PEG (US 5,122,614). 

The parent polypeptide may comprise a naturally-occarring or a non-naturally 
occuning glycosylation site, and is e.g. a parent polypeptides as defined herein above. 
The amino add residue located dose to a gjycosylation site is, e.g., any of those 
identified in the present section. 

In a fiirfher embodiment Ihe interferon p polypeptide is glycosylated and 
comprises one of the following sets of mutations rdative to wild-type human 
interferon p with the amino add sequence shown in SEQ ID NO 2: 
DllOF; 
C17S+D110F; 
C17S+Q49N+Q51T; 
C17S+F111N+R113T; 
C17S+Q49N+Q51T+Fn IN+Rl 13T; 
Dl 10F+ Fl 11N+ Rl 13T; 
C17S+D110F+ Fl 1 1N+ Rl 13T; 
C17S+Q49N+ Q51T+D1 10F+ Fl 1 1N+ Rl 13T; 
C17S+K19R; 
C17S+K33R; 
C17S+K45R; 

C17S+K19R+K33R+K45R; or 

C17S+K19R+K33R+K45R+Q49N+ Q51T+D1 10F+ Fl 1 1N+ RUST, 
optionally compising one or more polymers, eg one or more PEG molecules. 

In a spedfic embodimrait (he glycosylated interferon P polypeptide has (he 
amino add sequence: 

MSYNLLGFLQ RSSNFQSQKL LWQLNGRLEY CLKDRMNFDI PEEIKQLQNF 
TKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT 
VLEEKLEKEF NTTGKLMSSL HLKRYYGRIL HYLKAKEYSH C AWnVRVK 
LRNFYFINRL TGYLRN, 

optionally comprising one or more polymers, eg one or more PEG molecules. 

In a spedfic embodiment the glycosylated mterferon p polypeptide has the 
amino add sequence: 
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MSYNLLGFLQ RSSNFQSQRL LWQLNGRLEY CLRDRMNFDI PEEIRQLQNF 
TKEDAALHY EMLQNIFAIF RQDSSSTGfWN ETIVENLLAN VYHQINHLKT 
VLEEKLEKEF KITGKLMSSL HLKRYYGRIL HYLKAKEY SH CAWTIVRVEI 
LRNFYFINRL TGYLRN, 

optionally comptising one or more polymers, eg one or more PEG molecules. 

to one embodimoit, ±s interferon beta molecule is glycosylated and 
PEGylated. In a fiirflier embodiment, the interferon beta molecule is glycosylated. 

In a further embodiment the gjycosylated interferon P polypqitide comprises 
one to five sugar moieties, such as one to tiiree sugar moieties. When the interferon P 
molecule is glycosylated it is preferably N-glycosylated. When the interferon p 
molecule is glycosylated it usually comprises 1-5 sugar moieties, such as 1-3 sugar 
moieties. In a further embodiment, the interferon p molecule is N-glycosylated, and 
comprises 1-5 sugar moieties, such as 1-3 sugar moieties. In a further embodiment, 
tiie interferon P molecule is N-glycosylated, and comprises 3 sugar moieties. 

In a further embodiment flie glycosylated interferon p polypeptide further 
comprises a PEG molecule, in particular a 12kDa or 20kDa PEG, eg. mono-PEG 
20kDa. When the interferon beta molecule is PEGylated it usually comprises 1-5 
polyefliylene glycol (PEG) molecules. In a further embodiment the interferon beta 
molecule comprises 1-5 PEG molecules, such as 1, 2 or 3 PEG molecules. In a further 
embodiment each PEG molecule has a molecular wei^t of about 5 kDa (kilo Dalton) 
to 100 kDa. In a fiirther embodiment each PEG molecule has a molecular weight of 
about 1 0 kDa to 40 kDa. In a fiirtiier embodim«it each PEG molecule has a molecular 
weight of about 12 kDa. In a further embodiment each PEG molecule has a molecular 
wdght of about 20 kDa. Preferably Ae interferon beta molecule comprises 1-3 PEG 
molecules eadi having a molecular weight of about 12 kDa, or 1 PEG molecule 
having a molecular weig^it of about 20 kDa. In a particular embodiment, tiie 
interferon p polypeptide contams 1-3 12 kDa PEG molecules. In a particular 
embodiment, tiie mterferon p polypeptide contains one 20 kDa PEG molecule. 
Suitable PEG molecules are available fix)m Shearwatw Polymws, Inc. and Enzon, Inc. 
and may be selected from SS-PEG, NPC-PEG, aldehyd-PEG, mPEG-SPA, mPEG- 
SCM, mPEG-BTC, SC-PEG, Iresylated mPEG (US 5,880,255), or oxycarbonyl-oxy- 
N-dicarijoxyimide-PEG (US 5,122,614). 
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The glycosylated variants accoiding to this embodiment are expressed 
recombinantly in a glycosylating host cell, preferably a mammalian host cell such as 
any of those mentioned in the section entitled "Coupling to a sugar moiety". 

Preferably, the variant according to this embodiment has retained most or all 
of the IFNB expression levd (lU/ml) of the parent IFNB polypeptide. However, when 
the inCTease in glycosylation obtained by substitution of an amino acid residue located 
dose to a glycosylation site is very high a decrease in expression level may be 
acceptable as long as the overall perfiMmance of Ae variant is improved as compared 
to that of the parent IFNB polypeptide. 

It will be understood fliat flie variants according to tiiis embodiment nomially 
has any of the improved properties that are described for conjugates according to WO 
01/15736, e.g. any of the improved properties described fiirttiar below in the section 
entided "Conjugate of the invention according to WO 01/15736". 

Variants with specific amino acid substitutions 

In a liirAer embodiment of the present invention flie variant is one wUdi 
comprises the mutation L98P relative to a parent IFNB molecule, m particular wild- 
type human IFNB with the amino acid sequence shown in SEQ ID NO 2. The variant 
may comprise L98P as the only mutation, or may comprise additional mutations, e.g. 
any of the mutations described in any of the sections herein, eg the titie of which 
starts with "Conjugate of tiie invention according to WO 01/15736.. .". For instance 
the variant may comprise the following mutations: 
Q49N+Q51T+L98P+F1 1 IN+Rl 13T 
C17S+Q49N+Q51T+L98P+F1 1 IN+Rl 13T 

Further specific glycosylated variants for use in accordance with ti»e invaition 
include the following amino acid substitutions (related to SEQ ID NO 2): 
C17S+Q49N+Q5mFl 1 IN+Rl 13T 
S2N+N4T+C17S+Q51N+E53T 
S2N+N4T+C17S+Q51N+E53T+FinN+R113T 

Further spedfic glycosylated variants for use in accordance witii the invention 
include Ihe following ammo acid substitutions (related to SEQ ID NO 2): 
S2N+N4T+C17S+K19R+Q51N+E53T+K123R 
S2N+N4T+C17S+K19R-KJ51N+E53T+FniN+R113T+K123R 
S2N+N4T+C17S+K19R+K45R+Q51N+E53T+F111N+R113T+K123R 
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TTiese variants are typically conjugated to a second non-polypeptide moiety, such as a 
polymor, e.g. PEG. 

It will be understood Hiat flie variants according to this embodiment normally 
has any of the improved properties that are described for conjugates according to WO 
01/15736, e.g. any of the improved properties described further above in the section 
entifled •'Conjugate of the mvention aoconfing to WO 01/15736". 

Coftfugate of the invention according to WO 01/15736 

In further embodiments the interfoon beta polypeptide comprises any one of 
those conjugates as disclosed in WO 01/15736. 

In a further embodiment the mterferon beta polypeptide comprises a conjugate 
exhibiting IFNB activity and comprismg at least one first iKMi-polypeptide moiety 
covalently attached to an IFNB polypeptide, the amino acid sequence of which dififeis 
from that of wildtype human IFNB in at least one introduced and at least one removed 
amino acid residue comprising an attachment group for said first non-polypq)tide 
moiety. 

By removing and/or introdudng amino acid residues comprising an 
attachment group for the non-polypeptide moiety it is possible to specifically adapt 
the polypeptide so as to make flie molecule more susceptible to conjugation to the 
non-polypeptide moiety of choice, to optimize the conjugation pattern (e.g. to ensure 
an optimal distribution of non-polypeptide moieties on the surface of the IFNB 
molecule and thereby, e.g., effectively shield epitopes and other surface parts of the 
polypeptide without significantly impairing the function thereof). For instance, by 
introduction of attachment groups, the IFNB polypeptide is boosted or otherwise 
altered in the content of the specific amino add residues to which the relevant non- 
polypeptide moiety binds, whereby a more efficient, specific and/or extensive 
conjugation is adiieved. By removal of one ot more attachment groups it is possible 
to avoid conjugation to tfie non-polypeptide moiety in parts of the polypeptide in 
which such conjugation is disadvantageous, e.g. to an amino acid residue located at or 
near a fimctional site of the polypeptide (since conjugation at such a site may result in 
inactivation or reduced IFNB activity of the resulting conjugate due to impaired 
recq>tor recognition). FurthOT, it may be advantageous to remove an attachment group 
located closely to anothCT attadhment group xa. order to avoid heterogeneous 
conjugation to such groups. 
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It wiU be understood that the amino acid residue comprising an attachment 
group for a non-polypeptide moiety, either it be removed or introduced, is selected on 
the basis of the nature of the non-polypeptide moiety and, in most instances, on the 
basis of the conjugation method to be used. For instance, when Ae non-polypeptide 
moiety is a polymer molecule, such as a polyethylene glycol or polyalkylene oxide 
derived molecule, amino add residues capable of functioning as an attachment group 
may be selected fiom fee group consistmg of lysine, cysteine, aspartic acid, glutamic 
add and arginine. When the non-polypeptide moiety is a sugar moiety the attadmient 
group is an /« wvo glycosylation site, preferably an N-glycosylation site. 

Whenever an attadmient group for a non-polypeptide moiety is to be 
introduced into or removed fiom the IFNB polypeptide, the position of the IFNB 
polypeptide to be modified is conveniently selected as fijllows: 

The position is preferably located at the surfece of the IFNB polypeptide, and 
more preferably occupied by an amino add residue that has more than 25% of its side 
chain exposed to the solvent, preferably more than 50% of its side dwin exposed to 
the solvent Such positions have been identified on Ae basis of an analysis of a 3D 
structure of the human IFNB molecule as described in the Methods section haein. 

Alternatively or additionally, the position to be modified is identified on the 
basis of an analysis of an IFNB protein sequence family. More specifically, the 
position to be modified can be one, which in one or more members of the femily other 
than the parent IFNB, is occupied by an amino add residue comprising the rdevant 
attachment group (when such amino add residue is to be introduced) or which in the 
parent IFNB, but not in one or more other members of the family, is occupied by an 
amino acid residue comprising the relevant attachment group (when such amino acid 

residue is to be removed). 

In order to determme an optimal distribution of attachment groups, the 
distance between amino add residues located at the surfece of the IFNB molecule is 
calculated on the basis of a 3D structure of the IFNB polypeptide. More spedfically. 
the distance between the CB's of the amino add residues comprising such attachment 
groiqw, or the distance between the fimctional group (NZ for lysine, CG for aspartic 
add, CD for ghatamic add, SG fox pystdne) of one and the CB of another amino acid 
residue comprising an attadmaent group are determmed. In case of glycine, CA is 
used instead of CB. In the IFNB polypeptide part of a conjugate as described in WO 
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01/15736, any of said distances is prefeably more than 8 A, in particular more than 
lOA in order to avoid or reduce h^erogeneous conjugation. 

Furthermore, in die IFNB polypeptide part of a conjugate as described in WO 
01/15736 attadmient groups located at the receptor-binding site of IFNB has 
preferably been removed, preferably by substitution of the amino acid residue 
comprising such group. 

A still furthar genoalfy applicable approach for modifying an IFNB 
polypeptide is to shield, and Aerefey destroy or otherwise inactivate an q>ftope present 
m the parent IFNB, by conjugation to a non-polypqrtide moiety. Epitopes of human 
IFNB may be identified by use of methods known in the art, also known as epitope 
mapping, see. e.g. RomagnoU et al., J. Biol Chem. 1999, 380(5):553-9, DeLisser HM, 
Methods Mol Biol, 1999, 96:1 1-20, Van de Water et al., Qin Immunol 
Immunopafliol. 1997, 85(3):229-35, Saint-Remy JM. Toxicology, 1997, 119(1):77-81, 
and Lane DP and Stephen CW, Curr Opin Immunol, 1993, 5(2):268-71. One method 
is to establish a phage display Ubiary expressing random oUgopqptides of e.g. 9 amino 
acid residues. IgGl antibodies from specific antisera towards human IFNB are 
purified by immunopredpitation and the reactive phages are identified by 
immunoblotting. By sequencing the DNA of the purified reactive phages, the 
sequence of the oligopeptide can be determined followed by localization of die 
sequence on the 3D-structure of the IFNB. Alternatively, epitopes can be identified 
according to the method described in US 5,041,376. The thereby identified region on 
the structure constitutes an epitope tiiat tiien can be selected as a target region for 
introduction of an attachment group for die non-polypeptide moiety. Preferably, at 
least one epitope, such as two, three or four epitopes of human recombinant IFNB 
(optionally comprising the C17S mutation) are shielded by a non-polypeptide moiety 
as described in WO 01/15736. Accordingly, in one embodiment, flie conjugate for use 
in the invention has at least one shielded epitope as compared to wild type human 
IFNB, optionally comprising the C17S mutation, including any commercially 
available IFNB. Preferably, the conjugate for use in die invention comprises a 
polypeptide that is modified so as to shidd tiie epitope located in the vicinity of amino 
acid residue Q49 and/or Fl 1 1 . This may be done by introduction of an attachment 
group for a non-polypeptide moiety into a position located in the vicinity of (i.e. 
widiin 4 amino add residues in the primary sequence or witfiin about 1 OA in the 
tertiary sequence) of Q49 and/or Fl 1 1 . Hie lOA distance is measured between CB's 
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(CA*s in case of glycine). Such specific introductions are described in Ae following 
sections. 

In case of removal of an attachment group, the relevant amino acid r^idue 
comprising such group and occupying a position as defined above is preferably 
substituted with a different amino add residue that does not conqnise an attachment 
group for file nonrpolypeptide moi^ in question. 

Jn case of introduction of an attadmient group, an amino acid residue 
comprismg such group is introduced into the position, preferably by substitution of 
the amino add residue ocoqiying sudi position. 

The exact number of attadanent groups available for conjugation and present 
in file IFNB polypq>tide is dependent on flie effect desired to be achieved by 
conjugation. The effect to be obtamed is, e.g., dependent on fiie nature and degree of 
conjugation (e.g. tiie identity of flie non-polypeptide moiety, flie number of non- 
polypeptide moieties desirable or possible to conjugate to fi»e polypqjtide, where Aey 
shoTjld be conjugated or where conjugation should be avoided, etc.). For instance, if 
reduced immunogenidty is desired, the number (and location of) attachment ffoaps 
should be sufiBcient to shield most or all epitopes. This is nomwlly obtained when a 
greater proportion of the IFNB polypeptide is shielded. Efifective shielding of Q>itopes 
is normally achieved when tfie total number of attachment groups available for 
conjugation is in the range of 1-10 attachment groups, in particular in fije range of 2- 
8, sudi as 3-7. 

Functional in vivo half-life is i.a. dependent on tiie molecular wdght of fiie 
conjugate and the number of attachment groups needed for providing increased half- 
life flius depends on tiie molecular weight of tiie non-polypeptide moiety in question. 
In one embodiment, tiie conjugate for use in tiie invention has a molecular wdght of 
at least 67 kDa, in particular at least 70 kDa as measured by SDS-PAGE according to 
Laemmli, U.K., Nature Vol 227 (1970), p680-85. IFNB has a molecular wdght of 
about 20 kDa, and tiierefore additional about 50kDa is required to obtain tiie desired 
effect. TTiis may be, e.g., be provided by 5, 10, 12, or 20kDa PEG molecules or as 
otherwise described herdn. 

La order to avoid too raudi disrapti<m of flie sbructure and fimction of flie 
parent human IFNB molecule tiie total number of amino acid residues to be altered as 
described in WO 01/15736 (as compared to flie amino add sequence shown in SEQ 
ID NO 2) typically does not exceed 15. Preferably, tiie IFNB polypeptide comprises 
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an amino add sequence^ which differs in 1-15 amino acid residues from the amino 
add sequence shown in SEQ ID NO 2, such as in 1-8 or in 2-8 amino acid residues, 
e.g. in 1-S or in 2-5 amino acid residues from the amino add sequence shown in SEQ 
ID NO 2. Thus, normally the IFNB polypeptide comprises an amino add sequence 
that diffors from the amino add sequence shown in SEQ ID NO 2 in 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 1 1, 12, 13, 14 or 15 amino add residu«. Prefoably, the above numbers 
represent ei&er tiie total number of introduced or the total number of removed amino 
add residues comprising an attachment group for the relevant non-polypeptide 
moiety, or the total number of introduced and removed amino add residues 
comprising such group. 

In a further embodiment of the conjugate for use in the invention it is prefmed 
that at least about 50% of all conjugatable attachment groiq>s, sudi as at least about 
80% and preferably all of such groups are occupied by the relevant non-polypeptide 
moi^. Accordingly, in a preferred embodiment the conjugate for use in the invention 
comprises, e.g., 1-10 non-polypeptide moieties, such as 2-8 or 3-6. 

In a further embodiment tfie conjugate for use in tiie invention has one or more 
of the following improved properties (detemiined unda comparable conditions): 

Reduced immunogenicity as compared to wild-type human IFNB (e.g. 
Avonex or Rebif) or to Betaseron, e.g- a reduction of at least 25%, such as at least 
50%, and more preferably at least 75%; 

Increased functional in vivo half-life and/or increased serum half-life as 
compared to wild-type human IFNB (e.g. Avonex or Rebi^ or to Betaseron; 

Reduced or no reaction with neutralizing antibodies from patients treated with 
wildtype human IFNB (e.g. Rebif or Avonex) or with Betaseron, e.g. a reduction of 
neutralisation of at least 25%, such as of at least 50%, and preferably of at least 75% 
as compared to the wildtype human IFNB. 

The magnitude of the antiviral activity of a conjugate for use in the invention 
may not be critical, and thus be reduced (e.g. by up to 75%) or increased (e.g. by at 
least 5%) or equal to that of wild-type human IFNB ((e.g. Avonex or Rebif) or to 
Betaseron as determined under comparable conditions. 

Furthermore, the degree of antiviral activity as compared to antiproliferative 
activity of a conjugate for use in the invention may vary, and thus be higha, lower or 
equal to that of wildtype human IFNB. 
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Conjugate of the invention according to WO 01/15736, wherein the non-polypeptide 
moiety is a molecule that has fysine as an attachment group 

In a further embodiment the intaferon beta polypeptide comprises a conjugate 
(as described in WO 01/15736) wherein the first non-polypeptide moiety has lysine as 
an attachment group, and thus the IFNB polypeptide is one that comprises an amino 
add sequence that differs fmm that of wildtype human IFNB in at least one 
introduced and/or at least one removed lysine residue. While the non-polypq»tide 
moiety may be any of those binding to a lysine residue, e.g. the e-amino group 
thereof, such as a polymer molecule, a Iqrophilic group, an organic derivatizing agent 
or a carbohydrate moiety, it is preferably any of the polymer molecule mentioned in 
the section entitled "Conjugation to a polymer molecule", in particular a branched or 
linear PEG or polyalkylene oxide. Most preferably, Ae polymer molecule is PEG and 
the activated molecule to be used for conjugation is SS-PEG, NPC-PEQ, aldehyd- 
PEG, mPEG-SPA, mPEG-SCM, mPEG-BTC from Shearwater Polymers, Inc, SO 
PEG from Enzon, Inc., tiesylated mPEG as described in US 5,880.255, or 
oxycarbonyl-oxy-N-dicarboxyunide-PEG (US 5,122,614). Normally, for conjugation 
to a lysine residue the non-polypeptide moiety has a molecular weight of about 5, 10, 
12 or 20 kDa. 

In a further embodiment the interferon beta polypeptide comprises a conjugate 
wherein the amino add sequence of the BFNB polypeptide differs from that of human 
wildtype IFNB in at least one removed lysine residue, such as 1-5 removed lysine 
residues, in particular 1-4 or 1-3 removed lysine residues. The lysine residue(s) to be 
removed, preferably by replacement, is selected from the group consisting of K19, 
K33, K45, K52, K99, K105, K108, Kl 15, K123. K134, and K136. The lysine 
residue(s) may be replaced with any other amino add residue, but is preferably 
replaced by an argimne or a glutamine residue in order to give rise to the least 
structural difference. In particular, tfie polypeptide part may be one, wherein K19, 
K45, K52 and/or K123, preferably K19, K45 and/or K123 has/have been replaced 
with any oflier amino add residue, preferably aigmine or glutamine. 

In a further embodiment the intwferon beta polypeptide comprises one of the 
foUowing sets of mutations relative to wild-type human interferon P with the amino 
add sequence shown in SEQ ID NO 2: 
K19R+K45R+K123I^ 
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K19Q+K45R+K123R; 

K19R+K45Q+K123R; 

K19R+K45R+K123Q; 

K19Q+K45Q+K123R; 

K19R+K45Q+K123Q; 

K19Q+K45R+K123Q; 

K19Q+K45QfK123Q; 

K45R+K123R; 

K45Q+K123R; 

K45Q+K123Q; 

K45R+K123Q; 

K19R+K123R; 

K19Q+K123R; 

K19R+K123Q; 

K19Q+K123Q; 

K19R+K45R; 

K19Q+K45R; 

K19R+K45Q; or 

K19Q+K45Q. 

In addition or alternatively to the amino acid substitutions mentioned in the 
above list the polyp^tide part may comprise at least one substitution selected from 
the group consisting of K33R, K33Q, K52R, K52Q, K99R, K99Q. K105R, K105Q, 
K108R, K108Q, Kl 15R, Kl 15Q, K134R, K134Q, K136R, and K136Q. 

In a further embodiment the interferon beta polypeptide comprises one of the 
following sets of mutations relative to wild-type human interferon p with the amino 
add sequmce shown in SEQ ID NO 2: 
K52R+K134I^ 
K99R+K136I^ 
K19R+K33R+K45R; 
K33R+K105R+K136R; 
K52R+K108R+K134R; 
K99R+K1 15R+KI36R; 
KI9R+K33R+K45R+K123R; 
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K19R+K45R4K52R+K123R; 
K19R+K33R+K45R+K52R+K123R; or 
K19R+K45R+K52R+K99R+K123R. 

Li a further erribodiment the interferon beta polypeptide differs from that 
diovm in SEQ m NO 2 in that a lysine residue has been introduced by substitution of 
at least one amino acid readue occupying a position that in the parent IFNB molecule 
is occiq)ied by a surfece exposed amino add residue, prefisrably an amino acid residue 
having at least 25%, sudi as at least 50% of its side chain exposed to the surfece. 
Preferably, the amino add residue to be substituted is sdected from the group 
consisting of N4. F8. L9. Rl 1, S12. F15, Q16, Q18, L20, W22, Q23, G26. R27. L28. 
E29, Y30. L32, R35, M36. N37, D39, P41, E42, E43, M7, Q48, Q49, T58. Q64, N65, 
F67, A68, R71. Q72, D73, S75, S76. G78. N80, E81, 183, E85. N86. A89. N90. Y92. 
H93. H97, TlOO, L102, E103, L106, E107, E109, Dl 10, Fl! 1, Rl 13, Gl 14, LI 16, 
Ml 17, L120. H121, R124, G127. R128, L130, H131, E137, Y138, HMO, 1145. R147. 
VMS. E149, R152. Y155, F156, N158, R159, G162, Y163, R165 andN166 of SEQ 
ID NO 2. 

More preferably, the amino add sequence of the IFNB polypeptide diffm 
from the amino acid sequence shown in SEQ ID NO 2 in that a lysine residue has 
been introduced, by substitution, of at least one amino acid residue occupying a 
position selected from the group consisting of N4, F8, L9, Rl 1, S12, G26, R27, E29, 
R35, N37, D39, E42, L47, Q48, Q49, A68, R71, Q72, D73. S75. G78, N80, E85, 
N86, A89, Y92, H93, Dl 10, Fll 1, Rl 13, L116, H121, R124. G127, R128, R147, 
V148, Y155, N158, R159, G162 and R165, even more preferably selected from the 
group consisting of N4, Rl 1, G26, R27, Q48. Q49, R71, D73, S75, N80, ESS, A89, 
Y92,H93.F111,R113,L116,R124,G127,R128,Y155,N158 andG162, and most 
preferably selected from tiie group consisting of Rl 1. Q49, R71, S75, N80, E85, A89, 
H93, Fl 1 1, Rl 13, L116 and Y155, and most preferably Q49 and Fl 1 1. 

In a further embodiment the interferon beta polypeptide comprises a 
substitution to lysine in one or more of the above positions, in particular in 1-15, such 
as 1-8 or 1-5, and preferably in at least two positions, such as 2-« or 2-5 positions. 

In a further embodiment the interferon beta polypeptide diflfets in at least one 
removed and at least one introduced lysme residue, such as 1-5 or 2-5 iranoved lysine 
residues and 1-5 or 2-5 introduced lysine residues. It will be understood that the 
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lysine residues to be removed and introduced preferably are selected from those 
described in the pteseat section. 

In accordance with fliis anbodiment of the invention, the total number of 
conjugatable lysine residues is prefistably in the range of 1-10, such as 2-8 or 3-7. 

For instance, the IFNB polypeptide part of the conjugate according to this 
embodiment of the invention may conqprise at least one of the following substitutions: 
Rl IK, Q48K, Q49K, R71K. S75K, N80K, E85K. A89K, H93K, Fl 1 IK. Rl 13K, 
L116K and YI55I^ more preferably Rl IK, Q49K, R71K. S75K, N80K. E85K, 
A89K, H93K, Fl 1 IK, Rl 13K, LI 16K and Y155K, in combination with at least one 
of the substitutions; K19R/Q K33R/Q K45R/Q, K57R/Q, K99R/Q, K105R/Q, 
K108R/Q, K115R/Q. K123R/Q, K134R/Q, and K136R/Q, wherein R/Q mdicates 
substitution to an R or a Q residue, preferably an R residue. More preferably, the 
IFNB polypeptide comprises at least one of the following substitutions Rl IK, Q49K, 
R71K, S75K, N80K, E85K, A89K. H93K. Fl IIK, Rl 13K, LI 16K and Y155K, in 
particular Q49K, Fl 1 IK and/or N80K, in combination wiA substitution of at least one 
of K19, K45, K52 and/or Kl 23, preferably to an R or a Q residue. In particular, the 
IFNB polypeptide comprises at least one of the substitutions Q49K, Fl 1 IK and N80K 
in combination with at least one of the substitutions mentioned above for removal of a 
lysine residue. 

In a further embodiment die intoferon beta polypeptide comprises one of the 
followmg sets of mutations relative to wild-type human interferon P witii tiie amino 
acid sequence shown in SEQ ID NO 2: 
Y+Z+K19R+K45R+K123R; 
Y+Z+Kl 9Q+K45R+K1 23R; 
Y+Z+K19R+K45Q+K123R; 
Y+Z+K19R+K45R+K123Q; 
Y+Z+K19QfK45Q+K123IU 
Y+Z+K19R+K45Q4-K123Q; 
Y+Z+K19Q+K45R+K123Q; 
Y+Z+K19Q+K45Q4-K123Q; 
Y+Z+K45R+K123R; 
Y+Z+K45QfK123R; 
Y+Z+K45Q+K123Q; 
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Y+Z+K45R+K123Q; 

Y+Z+K19R+KI23R; 

Y+Z+K19Q+K123R; 

Y+Z+K19R+K123Q; 

Y+Z+K19Q+K123Q; 

Y+Z+K19R+K45R; 

Y+Z+K19Q+K45R; 

Y+Z+K19R+K45Q; or 

Y+Z+K19Q+K45Q, wheran Y is selected from the group of Q49K, Fl I IK. N80K, 
Q49K+FI 1 IK. Q49K+N80K. Fl 1 1K+N80K and Q49K+F111K+N80K and Z is 
absent or comprises at least one substitution selected from the group consisting of 
K33R, K33Q, K52R, K52Q, K99R, K99Q, K105R. K105Q, K108R. K108Q, K115R. 
Kl 15Q, K134R. K134Q, K136R, and K136Q. Preferably, the IFNB polypeptide 
comprises the following substitution Y+Z+K19R+K45Q+K123R. wherein Y and Z 

have the above meaning. 

In a further embodiment the interferon beta polypeptide comprises one of the 
following sets of mutations relative to wild-type human interferon p with the amino 
acid sequence shown in SEQ ID NO 2: 
K19R+K45R+F1 1 1K+K123R; 
K19R+K45R+Q49K+F1 1 1K+K123R; 
K19R+K45R+Q49K+K123R; 
K19R+K45R+F111K; 
K19R+K45R+Q49K+F1 1 IK; 
K19R+Q49K+K123R; 
K19R+Q49K+F1 1 1K+K123R; 
K45Q+F111K+K123Q; 
K45R+Q49K+K123R; or 
K45R+Q49K+F1 1 1K+K123R. 

Especially for expression in a non-glycosylating host such as E. coli the IFNB 
polypeptide may contain the substitution N80K or C17S+N80K, optionally in 
combination with one or more of K19R/Q; K45R/Q; K52R/Q or K123R/Q. The 
substitution N80K is of particular interest, when the IFNB polypeptide is «q)ressed in 
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a non-glyoosylating host cell, since N80 constitutes part of an inherent glycosylation 
site of human IFNB and conjugation at such site may mimick natural glycosylation. 

Furthermore, it is preferred that the conjugate (as described in WO 01/1 5736) 
comprises at least two first non-polypeptide moieties, sudi as 2-8 moieties. 

Coftfugate of the invention according to WO 01/15736 wherein the non-polypeptide 
moiety binds to a cysteine residue 

In a further embodiment the interferon beta polypeptide concqoises a conjugate 
(as described in WO 01/15736) exhibiting EFNB activity and comprising at least one 
first non-polypeptide conjugated to at least one cysteine residue of an IFNB 
polypeptide, the amino add sequence of which differs fiom that of wildtype human 
IFNB in that at least one <qrst«ne residue has been introduced, preferraably by 
substitution, into a position that in the parent IFNB molecule is occupied by an amino 
acid residue that is exposed to the surface of the molecule, preferably one tiiat has at 
least 25%, sudi as at least 50% of its side chain exposed to the surface. For instance, 
the amino acid residue is selected fix>m the group consisting of F8, L9, Rl 1, S12, F15, 
Q16, Q18, L20. W22, L28, L32, M36, P41, T58, Q64,N65. F67, 183, E85, N86, A89, 
N90, Y92, H93, H97, TIOO. L102, E103, L106, Ml 17. L120. H121, R124, G127, 
R128. L130, H131, H140, 1145, R147, V148, E149, R152, Y155, and F156 of SEQ 
ID NO 2. 

Additionally or alternatively, die substitution is preferably performed at a 
position occupied by a threonine or serine residue. For instance, such position is 
selected from tiie group consisting of S2, S12, S13, T58, S74, S75, S76. T77, T82, 
TIOO, Tl 12, SI 1 8, SI 19, S139, T144, and T161, more preferably S2, S12, S13, S74, 
S75, S76, T77, T82, TIOO, Tl 12, SllS, S119, S139, and T144 (side diain surface 
exposed), still more preferably S2. S12. S75, S76, T82, TIOO. SI 19 and S139 (at least 
25% of its side diain exposed), and even more preferably S12, S75, T82 and TIOO (at 
least 50% of its aide chain exposed). 

Of flie above threonine or serine substitutions, serine substitutions are 
preferred. Accordingly, in even more preferred embodiments of ttie invention, the 
position is selected from the group consisting of S2, S12, S13, S74, S75, S76, SI 18, 
S119 and S139, more preferably S2, S12, S13, S74, 875, S76, 8118. 8119 and 8139, 
even more preferably 82, 812, 875, 876, 81 19 and 8139, and still more preferably 
812 and 875. 
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In a further embodiment of the interferon p polypeptide, only one cysteine 
residue is introduced into the BFNB polypeptide in order to avoid formation of 
disulphide bridges between two or more introduced cysteine residues. In this 
connection C17 present in wildtype human IFNB maybe removed, preferably by 
substitution, in particular by substitution with S or A. In another embodhnent, two or 
more cysteine residues are mtroduced, such as 2-6 or 2-4 cysteine residues. 
Preferably, the IFNB polypeptide part of the conjugate according to this embodhnent 
of the invention comprises fht mutation L47C, Q48C, Q49C. Dl IOC, Fl 1 IC or 
Rl 13C, in particular only one of these mutations, optionally in conabination with the 
mutation C17S. Also, Ae IFNB polypeptide may comprise Ae substitution 
C17S+N80C. 

While the first non-polypeptide moiety according to this embodiment may be 
any molecule which, when using the given conjugation method has cysteine as an 
attachment group (such as a carbohydrate moiety, a lipophilic group or an organic 
derivatizing agent), it is preferred that the non-polypeptide moiety is a polymer 
molecule. The polymer molecule may be any of the molecules mentioned in the 
section entiUed "Conjugation to a polymer molecule", but is preferably selected fi»m 
the group consisting of linear or branched polyethylene glycol or polyaHcylene oxide. 
Most preferably, the polymer molecule is VS-PEG. The conjugation between the 
polypeptide and the polymer may be achieved in any suitable manner, e.g. as 
described in the section entitled "Conjugation to a polymer molecule", e.g. in usmg a 
one step method or in the stepwise manner referred to m said section. When the IFNB 
polypeptide comprises only one conjugatable cysteine residue, this is preferably 
conjugated to a first non-polypeptide moiety with a molecular weight of at least 
20kDa, either directly conjugated or mdirectly through a low molecular weight 
polymer (as disclosed in WO 99/55377). When the conjugate comprises two or more 
first non-polypeptide moiedes, normally each of these has a molecular weight of 
about S or about lOkDa. 

Conjugate of the invention according to WO 01/15736 wherein the non-pofypepHde 
moiety binds to an acid gro^p 

In a fiirther embodhnent &e mtaferon beta polypeptide comprises a conjugate 
(as described in WO 01/15736) exhibituig IFNB activity and comprisfag at least one 
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first non-polypeptide moiety having an add group as iJie attachment group, which 
moiety is conjugated to at least one aspartic acid residue or one glutamic acid residue 
of an IFNB polypeptide, flie amino acid sequence of which differs from that of 
wUdtype human IFNB in at least one introduced and/or at least one removed aspartic 
add or glutamic add residue, respectively. The relevant amino add residue may be 
introduced in any position occupied by a surfece exposed amino add residue, 
preferably by an amino add residue having more than 25% of its side chain surfece 
exposed. Preferably, at least one ammo add residue occupying a position selected 
fiom the group consisting of N4, L5, L6. F8. L9. QIO, Rll. S12, S13. F15, Q16. Q18. 
K19. L20, W22, Q23, L24, N25, G26, R27. Y30. M36, Q46. Q48, Q49, 166, F67, 
A68, 169, F70. R71, S75, T82, 183, L87. A89. N90, V91, Y92, H93, Q94, 195, N96, 
H97, K108, Fl 1 1. LI 16. L120, K123, R124, YI26, G127. R128, L130, H131, Y132, 
K134. A135, H140, T144. R147, Y155, F156, N158, R159, G162, Y163 and R165 
has been substituted with an aspartic add residue or a ghitamic add residue. 

More preferably, the position is selected firom the group consisting of N4, L5, 
F8, L9, Rl 1, S12, F15. Q16, Q18. K19, W22, Q23, G26. R27, Y30, M36, Q46, Q48, 
Q49, A68, R71 , S75, T82, A89, N90, Y92, H93, N96, H97, K108, Fl 1 1. LI 16, L120, 
K123. R124, G127. R128, L130, H131. K134, A135, HMO, Y155. N158, R159. . 
G162, Y163 and R165, such as fix>m the grotq) consisting of N4, L5, F8, S12, F15, 
Q16, K19, W22, Q23, R27, Y30, M36, Q46, Q48, Q49. R71, S75, T82, A89, Y92, 
H93, K108. Fl 11, Ln6, K123. R124, G127, H131, K134. A135, Y155 and R165, 
still more preferjibly ftom the group consistuig of N4, L5, F8, S12, F15, Q16, K19, 
W22, Q23. R27. Y30, Q46, Q48, Q49, S75. T82, A89, Y92, H93. K108, Fl 1 1, LI 16. 
R124, G127, H131, K134, Y155 and R165, such as from the group consisting of L5, 
F8, S12, F15, Q16. K19. W22, Q23, Q48, Q49, Y92, H93, R124. G127, H131 and 
Y155, evoa more preferably from the group consisting of S12, Q16, K19, Q23, Q48, 
Q49, Y92, H93, R124, 0127, H131 and Y155, such as from the group consisting of 
S12, Q16, K19. Q23, Q48, Y92, H93, R124, G127. H13 1 and Yl 55, in particular 
from flie group consisting of S12, Q16, K19, Q23, Q48, H93 and H131, even more 
preferably from the groiq> consisting of S12, Q16, K19, Q48, H93 and H131, and 
most preferably from the group consisting of Q16 and Q48. 

Furthermore, in ordor to obtain a sufGdent number of non-polypq)tide 
moieties it is preferred that at least two aspartic add residues or at least two glutamic 
add residues be introduced, preferably in two positions sdected from any of the 
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above lists. Also, it is prefened that the conjugate according to this embodiment 
comiwises at least two first non-polypeptide moieties. 

In case of removal of an amino add residue, the amino acid sequence of the 
IFNB polypeptide differs from that of human wUdtype IFNB in at least one removed 
aspartic acid or ghitamic add residue, such as 1-5 removed residues, in particular 1-4 
or 1-3 removed aspartic add or glutamic add residues. The residue(8) to be removed, 
preferably by replacement, is selected from the group consisting of D34, D39, D54, 
D73, DUO, E29, E42. E43, E53, E61, E81. ESS, E103. E104, E107, E109, E137 and 
E149. The aspartic add or glutamic add residue(s) may be replaced with any other 
amino add residue, but is preferably i^laced by an arginine or a glutamine residue. 
While the first non-polypeptide moiety can be any non-polypeptide moiety with sudi 
property, it is presently preferred that the non-polypeptide moiety is a polymer 
molecule or an organic deiivatizing agent having an add group as an attachment 
group, in particular a polymer molecule sudx as PEG, and the conjugate is prepared, 
e.g., as described by Sakane and Pardridge, Phaimceutical Research, Vol. 14, No. 8, 
1997, pp 1085-1091. Normally, for conjugation to an add group the non-polypeptide 
moiety has a molecular wdght of about 5 or 10 kDa. 

Conjugate of the invention according to WO 01/15736 comprising a second non- 
polypeptide moiety 

In addition to a first non-polypeptide moiety (as described in flie preceding 
sections), the conjugate for use in the invention may comprise a second non- 
polypeptide moiety of a different type as compared to the first non-polypeptide 
moiety. Preferably, in any of the above described conjugates wherein the first non- 
polypeptide moiety is, e.g., a polymer molecule such as PEG, a second non- 
polypeptide moiety is a sugar moiety, in particular an N-linked sugar moiety. While 
the second non-polypeptide moiety may be attached to a natural glycosylation site of 
human IFNB, e.g. fl»e N-linked glycosylation site defined by N80, it is normally 
advantageous to introduce at least one additional glycosylation site in tiie IFNB 
polypeptide. Sudi sUe is e.g. any of tiiose described m the immediately subsequent 
section entitfed "Conjugate of the invention according to WO 01/15736 wherein tiie 
non-polypeptide moiety is a sugar moiety". Furtiiermore, in case at least one 
additional glycosylation site is introduced this may be accompanied by removal of an 
existing glycosylation site as described below. 
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It will be understood that in order to obtain an optimal distribution of attached 
first and second non-polypeptide moieties, the IFNB polypeptide may be modified in 
&e number and distribution of attachment groups for the first as well as the second 
non-polypeptide moiety so as to have e.g. at least one removed attachment group for 
the first non-polyp^tide moiety and at least one introduced attachment group for the 
second non-polypq>tide moiety or vice versa. For instance, the IFNB polypeptide 
comprises at least two (e.g. 2-5) removed attachment groups for the first non- 
polypeptide moiety and at least one (e.g. 1-5) introduced attachment groups for the 
second non-polyp^tide moiety or vice vasa. 

Of particular mterest is a conjugate wherein the first non-polypeptide moiety 
is a polymer molecule such as PEG having lysine as an attadunent group, and the 
second non-polypeptide moiety is an N-linked sugar moiety. 

More specificaUy, the conjugate for use m the mvention may be one exhibiting 
IFNB activity and comprising at least one polymo: molecule, preferably PEG, and at 
least one sugar moiety covalently attached to an IFNB polypeptide, the amino acid 
sequence of which differs fi-om that of wfld-type human IFNB in 

a) at least one introduced and/or at least one removed amino acid residue comprismg 
an attadunent group for the polymer molecule; and 

b) at least one introduced and/or at least one removed in vivo glycosylation site, m 
particular an N-glycosylation site. 

In a further embodiment, the interferon p polypeptide comprises one of the 
foUowing sets of mutations relative to wild-type human interferon p with the amino 
acid sequence shown in SBQ ID NO 2: 
K19R+K45R+Q49N+Q51T+F1 1 IN+Rl 13T+K123R; 
K19R+K45R+Q49iN+Q51T+Fl 1 IN+Rl 13T; or 
K19R+K45R+Q49N+Q51T+ K123R. 

Conjugate of the invention according to WO 01/15736 wherein the nohrpofypeptide 

moiety is a sugar moieiy 

When the conjugate for use hi the invention comprises at least one sugar 
moiety attached torn in vivo glycosylation site, in particular an N-glycosylation site, 
this is either the natural N-glycosylation site of wild-type human IFNB at position 
N80, i.e. defined by amino add residues N80. E81, T82 and 183, or a new /w vivo 
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glyoosylation site introduced into the IFNB polypeptide. The in vivo glycosylation site 
may be an 0-glycosylation site, but is preferably an N-glycosylation site. 

More specifically, in a further embodiment the interferon P polypeptide 
comprises a conjugate exhibiting IFNB activity and comprising an IFNB polypeptide, 
the amino add sequence of which differs from that of wUd-type human IFNB in at 
least one introduced glycosyhition site, the conjugate further comprising at least one 
un-PEGylated sugar moiety attached to an introduced glycosylation site. 

In a further embodiment, the interferon p polypeptide comprises a coiuugate 
exhibiting IFNB activity and conqwising an IFNB polypeptide, the amino acid 
sequence of whidi differs fiom Aat of wfld-type human IFNB in that a glycosylation 
site has been introduced or removed. 

For instance, an in vivo glycosylation site is introduced into a position of the 
parent IFNB molecule occupied by an amino add residue exposed to the surfiice of 
the molecule, preferably with more than 25% of the side chain exposed to the solvent, 
in particular more tiian 50% exposed to the solvent (these positions are identified m 
the Methods section herein). The N-glycosylation site is introduced m sudi a way that 
theN-residue of said site is located in said position. Analogously, an O-glycosylation 
site is introduced so that the S or T residue making up such site is located in said 
position. Furthermore, in order to ensure effident glycosylation it is preferred that the 
in vivo glycosylation site, in particular the N residue of the N-glycosylation site or the 
S or T residue of the O-glycosylation site, is located within tfie first 141 amino add 
residues of flie IFNB polypeptide, more preferably within the first 116 amino add 
residues. StiU more preferably, the in vivo glycosylation site is introduced into a 
position wherein only one mutation is required to create the site (i.e. where any otiier 
amnio add residues reqmred for creating a functional glycosylation site is aheady 

present in the molecule). 

Substitutions that lead to introduction of an additional N-glycosylation 
site at positions ejqwsed at the ^urfece of flie IFNB molecule and occupied by amino 
add residues having more than 25% of the side diam esqiosed to the surface indude: 
S2N+N4S/T, L6S/r, L5N+G7S/T, FSN+QIOS/T, L9N+R1 IS/T, Rl IN, Rl 1N+S13T. 
S12N+N14S/T. F15N+C17S/T, Q16N+Q18S/T, Q18N+L20SA', K19N+L21S/T, 
W22N+L24S^, Q23N+H25S/r, G26N+L28S/r, R27N+E29S/T, L28S+Y30SyT, 
Y30N+L32SyT, U2N+D34S/T, K33N+R35S/T, R35N+N37S/r, M36N+F38S/T, 
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D39S/T, D39N4-P41S/T, E421^I44S/T. Q43N+K45S/r. K45N+L47S/T. 
Q46N+Q48SyT, L47N+Q49r/S. Q48N+F50S/r, Q49N+Q51S/T, Q51N+E53S/T, 
K52N+D54S/T, L57N+I59SyT, Q64N+I66Sn', A68N+F70SA', R71N+D73S/r, 
Q72N, Q72N+S74T, D73N, D73N+S75T. S75N+T77S, S75N, S76N+G78Sn', 
E81N+I83S/T. T82N+V84S/T, E85N+L87Sn:, L88Sn', A89N+V91SA'. Y92Sn'. 
Y92N+Q94SA', H93N+I95SA', L98Sn', H97N+K99SyT, K99N+V101S/r, 
T100N+L102S/T, E103N+K105S/r, E104N+L106S/T, K105N+E107S/T, 
E107N+E109S/r, K108N+D1 lOS/T, E109N+F1 1 IS^, Dl lON+Tl 12S, Dl ION. 
Fl 1 IN+Rl ISSn*. Rl 13N+K1 ISS/T, Gl 14N+L1 16S/T, Kl 15N+M1 1 ISTT, LI 16N, 
LI 16N+S1 1 8T, SU9N+H212S/T, L120N+L1 228/1, HniN+KUSSA-, 
K123N+Y125S/T, R124N4Y126Sn". G127N+I129S/r. R128N+L130S/r. 
L130N+Y132S/T, H131N+L133Sn',K134N+K136Sn', A135N+E137Srr, 
K136N+Y138S/T. E137N, Y138N+H140S/r, H140N+A142S/r, V148N+I150S/r, 
R152N+F154S/T, Y155N+I157S/T, L160S/r, R159N+T161S,R159N, 
G162N+L164S/T, and Y163N+R165S/T. 

Substitutions that lead to introduction of an additional N-glycosylation 
site at positions exposed at the surface of the IFNB molecule having more than 50% 
of the side chain exposed to the surface include: 

L6S/T, L5N+G7S/T. F8N+Q10S/T, L9N+R11S/T, S12N+N14S/T, F15N+C17S/T, 
Q16N+Q18S/T, K19N+L21SyT, W22N+L24SA', Q23N+H25S/T. G26N+L28S/T, 
R27N+E29S/T. Y30N+L32S/T, K33N+R35S/T, R35N+N37S/r, M36N+F38S/T. 
D39S/r, D39N+P41 S/T, E42N+I44SA', Q46N+Q48S/T, Q48N+F50S/T, 
Q49N+Q51S/T, Q51N+E53S/T, K52N+D54S/r, L57N+I59S/T, R71N+D73S/r, 
D73N, D73N+S75T, S75N+T77S, S75N, S76N+G78S/T, E81N+I83S/r. 
T82N+V84S/T. E85N+L87S/T, A89N+V91S/T, Y92S/T, Y92N+Q94S/T, 
H93N+I95SA', T100N+L102S/r, E103N+K105S/T, E104N+L106S/T, 
E107N+E109S/T. K108N+D1 lOSA", Dl lON+Tl 12S, Dl ION, Fl 1 IN+Rl 13S/T, 
Rl 13N+K1 15S/T. LI 16N, LI I6N+S118T, K123N+Y125S/T, R124N+Y126S/T, 
G127N+I129S^, HlSlN+LiaSSA-, K134N+K136S/r, A135N+E137S/T. E137N, 
V148N+I150S/T, and Y155N+I157S/r. 

Among the substitutions mentioned in the above lists, ftose are preferred that 
have the N residue introduced among the 141 N-temunal anuno acid residues, in 
particular among the 1 16 N-terminal amino acid residues. 
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Substitutions that lead to introduction of an N-glycosylation site by only one 
amino add substitution include: L6S/r, Rl IN, D39SyT. Q72N, D73N, S75N, 
LSSSn", ¥928^", LnS/T, Dl ION, LI 16N, E137N, R159N and hmS/T. Among 
these, a substitution is preferred that is selected from the group consisting of L6S/r, 
Rl IN. 0398^-, Q72N. D73N, S75N. L88S/T, Y92SA', L98S/T. Dl ION and LI 16N, 
more preferably from &e group consisting of L6S/T. D39S/T, D73N, S75N. L88SyT. 
Dl ION. LI 16N and E137N; and most prefisrably sdected from the ffoap consisting 
of L6S/T, D39S/T, D73N, S75N, LSSS/T, Dl ION and L116N. 

In a further embodfanenl, the interferon p polypeptide conges one of the 
foUowing sets of mutations relative to wild-type human interferon p witii the anrino 
acid sequence shown in SEQ ID NO 2: 

S2N+N4T/S, L9N+R1 IT/S, Rl IN, S12N+N14T/S, F15N+C17Sn", Q16N-KJ18T/S, 
K19N+L21T/S, Q23N+H25T/S. G2dN+L28T/S, R27N+E29T/S, L28N+Y30T/S, 
D39T/S, K45N+L47T/S, Q46N+Q48T/S, Q48N+F50T/S, Q49N+Q51TyS, 
Q51N+E53T/S, R71N+D73T/S, Q72N, D73N, S75N, S76N+G78T/S, L88T/S, 
Y92T/S, N93N+I95T/S. L98T/S. E1O3N+K105T/S, E104N+L106T/S, 
E107N+E109T/S. K108N+D1 lOT/S, DllON, F111N+R113T/S, orL116N, more 
preferably at least one of the following substitutions: S2N+N4T, L9N+R11T, 
49N+Q5 IT or Fl 1 IN+Rl 13T or R71N+D73T, in particular 49N+Q51T or 
F111N+R113T orR71N+D73T. 

In a further embodiment, tiie interferon P polypeptide comprises one of the 

following sets of mutations relative to wUd-type human interferon p with the amino 

acid sequence shown in SEQ ID NO 2: 

Q49N+Q51T+F1 1 IN+Rl 13T ; 

Q49N+Q51T+R71N+D73T+ F111N+ R113T ; 

S2N+N4T+ Fl 1 IN+Rl 13T ; 

S2N+N4T+Q49N+Q51T ; 

S2N+N4T+Q49N+Q51T+F1 1 IN+Rl 13T ; 

S2N+N4T+L9N+R11T+Q49N+Q51T ; 

S2N+N4T+L9N+R1 IT+Fl 1 IN+Rl 13T ; 

S2N+N4T+L9N+R1 1T+Q49N+Q51T+F1 1 IN+Rl 13T ; 

L9N+R1 1T+Q49N+Q5 IT; 

L9N+R1 1T+Q49N+Q51T+F1 1 IN+Rl 13T ; or 
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L9N+R1 IT+Fl 1 IN+Rl 13T. 

It will be understood that in order to introduce a functional in vivo 
glycosylation site Ae amino acid residue in between the N-residue and the residue 
is different ftom proline. Nonnally, the amino add residue m between will be that 
occupying the relevant position in the amino acid sequence shown in SEQ ID NO 2. 
For instance, in the polypq)tide comprising the substitutions Q49N+Q51S, position 
50 is the position in between. 

The IFNB polypq)tide part of a conjugate as disclosed in WO 01/1 5736 may 
contain a single in vtvo glycosylation site. HowevCT, in order to obtain efficient 
shielding of epitopes present on the surfiice of Ihe parent polypeptide it is often 
desirable that the polypq)tide comprises more than one in vtvo glycosylation site, in 
particular 2-7 in vtvo glycosylation sites, such as 2. 3, 4, 5, 6 or 7 /» viw glycosylation 
sites. Thus, the IFNB polypeptide may comprise one additional gjycosylation site, or 
may comprise two, three, four, five, six, seven or more introduced in vivo 
glycosylation sites, prefeably introduced by one or more substitutions described in 

any of die above lists. 

As indicated above, in addition to one or more introduced glycosylation sites, 
existing glycosylation sites may have been removed fiom the IFNB polypeptide. For 
instance, any of the above Usted substitutions to introduce a ^ycosylation site may be 
combined with a substitution to remove the natural N-glycosylation site of human 
wild-type IFNB. For instance, the IFNB polypeptide may comprise a substitution of 
N80, e.g. one of the substitutions N80K/C/D/E, when a first non-polypeptide 
polypeptide is one having one of K, C, D, E as an attachment group. 

In a fiirther embodiment, the interferon p polypeptide comprises one of the 
following sets of mutations relative to wild-type human interferon p with the amino 
add sequence shown in SEQ ID NO 2: 

S2N+N4T/S, L9N+R11T/S, RUN, S12N+N14T/S. FISN+CHSH', Q16N+Q18T/S, 
K19N+L21T/S, Q23N+H25T/S, G26N+L28T/S, R27N+E29T/S, L28N+Y30T/S, 
D39T/S, K45N+L47T/S, Q46N+Q48T/S, Q48N+F50T/S, Q49N4Q51T/S, 
Q5IN+E53T/S. R71N+D73T/S, Q72N, D73N, S75N, S76N+G78T/S, L88T/S. 
Y92T/S,N93N+I95T/S, L98T/S, ElOSN+KlOST/S, E104N+L106T/S, 
E107N+E109T/S, K108N+D1 lOT/S, Dl ION, Fl 1 IN+Rl 13T/S, or LI 16N in 
combination with N80K/C/D/E. More spedfically, the IFNB polypeptide may 



0256dkn0 43 



comprise the substitution: Q49N+Q51T or Fl 1 IN+Rl 13T or R71N+D73T. in 
particular Q49N+Q51T+F1 1 IN+Rl 13T or Q49N4<351T+R71N+D73T+ Fl 1 1N+ 
Rl 13T, in combination with HBOK/C/D/E. 

Any of the glycosylated variants disclosed in the present section having 
introduced and/or removed at least one glyoosylation site, such as the variant 
comprising the substitutions Q48N+F50T/S, Q48N+F50T/S+F111N+R113T/S, 
Q49N+Q51T/S. Fl 1 IN+Rl 13T/S, or Q49N+Q51T/S+F1 1 IN+Rl 13T/S. may further 
be conjugated to a polymer molecule, such as PEG, or any other non-polypeptide 
moiety. For this purpose the conjugation may be achieved by use of attachment 
groups akeady present in the IFNB polypeptide or attadmient groi^»s may have been 
introduced and/or removed, in particular such Aat a total of 1-6, in particular 3-4 or 1, 
2, 3, 4, 5, or 6 attadmient groups are available for conjugation. Preferably, in a 
conjugate as disclosed in WO 01/15736 wher«n the IFNB polypeptide con^ses two 
glycosylation sites, the number and molecular weight of the non-polypeptide moiety 
is chosen so as that the total molecular wei^t added by the non-polypeptide moiety is 
in the range of 20-40 kDa, in particular about 20 kDa or 30 kDa. 

In particular, the glycosylated variant may be conjugated to a non-polypeptide 
moiety via a lysine attachment gronp. and one or more lysine residues of the parent 
polypeptide may have been removed, e.g. by any of the substitutions mentioned in the 
section entitled "Conjugate of the invention, wherein the non-polypeptide moiety is a 
molecule which has lysine as an attachment group", in particular the substitutions 
K19R+K45R+K123R. Alternatively or additionally, a lysine residue may have been 
introduced, e.g. by any of the substitutions mentioned in said section, in particular the 
substitution R71K. Accordingly, one specific conjugate as disclosed in WO 01/15736 
is one, which comprises a glycosylated IFNB polypeptide comprising the mutations 
Q49N + Q51T + Fl 1 IN + Rl 13T + K19R + K45R + K123R or Q49N + Q51T + 
Fl 1 IN + Rl 13T + KI9R + K45R + K123R + R71K further conjugated to PEG. The 
glycosylated polypeptide part of said corijugate is favourably produced in CHO cells 
and PEGylated subsequent to purification using e.g. SS-PEG, NPC-PEG, aldehyd- 
PEG, mPEG-SPA, mPEG-SCM, mPEG-BTC from Shearwater Polymers, Ihc, SC- 
PEG from Enzon, Inc., tresylated mPEG as described in US 5,880,255, or 
oxycarbonyl-oxy-N-dicartwxyimide-PEG (US 5,122,614). 

Alternatively, to PEGylation via a lysine group, the glycosylated conjugate 
according to this embodiment of the invention may be PEGylated via a cysteine group 
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as described in the section entitled "CoAjugate of tiie invention according to WO 
01/15736, wherein the non-polypeptide moiety is a molecule that has cysteine as an 
attachment group" (for this puipose the IFNB polypq>tide may, e.g. comprismg at 
least one of the mutations N80C, R71C and C17S), via an add group as described in 
the section entitled '♦Conjugation of the invention according to WO 01/15736 wherein 
the non-polypeptide moiety binds to an acid group", or via any other suitable group. 

Other corgugates of the invention according to WO 01/15736 

In addition to the introduction and/or removal of amino add reddues 
comprising an attadmient groiq) for tfie non-polypqrtide moiety of dioice (as 
described in any of the sections above entitled "Coniugate of Ae hxveotion according 
to WO 01/15736 . . ..") the IFNB polypeptide part of the conjugate may contam fijrther 
substitutions. A preferred example is a substitution of any of tiie residues. Ml, C17, 
N80 or VI 01 , e.g. one or more of flie following substitutions: C17S; N80K/C/D/E; 
V101Y/W/F/,H; a deletion of Ml; or MIK. The substitution MIK is of particular 
interest when tiie IFNB polypeptide is expressed with a tag, e.g. a His-14tag, where 
such tag is to be removed by DAP (diammopq)tidase) subsequait to purification 
and/or conjugation. 

Non-polypeptide moiety of a corrugate of the invention and the invention according to 
WO 01/15736 

As indicated further above the non-polypeptide moiety of the conjugate for 
use m the present mvention is preferably selected fijom the group consisting of a 
polymer molecule, a lipophilic compound, a sugar moiety (by way of in vivo 
glycosylation) and an organic derivatizing agent All of these agents may confer 
desirable properties to the polypeptide part of the conjugate, in particular reduced 
immunogenidty and/or mcreased functional in vfvo half-life and/or increased serum 
half-life. The polypeptide part of tiie conjugate may be coi^jugated to only one ^rpe of 
non-polypeptide moiety, but may also be conjugated to two or more different ty^ of 
non-polypqptide moires, e.g. to a polymer molecule and a sugar moiely, to a 
lipophilic groiQ) and a sugar moiety, to an organic derivating agmt and a sugar 
moiety, to a lipophilic group and a polymer molecule, etc. The conjugation to two or 
more differ^t non-polypqptide moieties may be done shnultaneous or sequoitially. 
The choice of non-polypeptide moiety^es, e.g. depoids on flie eflfect desired to be 
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adiieved by the conjugatioa For instance, sugar moieties have been found 
particularly usefijl for reducing imraunogenicity, whereas polymer molecules such as 
PEG are of particular use for increasing fonctional in vivo half-life and/or serum half- 
life. Using a polymer molecule as a first non-polypeptide moiety and a sugar moiety 
as a second non-polypeptide moiey may result in reduced immunogenidty and 
increased functional in vfvo or setam half-life. 

Methods of prowling a corgugate of ihe present invention and of the invention 
according to WO 01/15736 

In the following sections **Coigugation to a lipophilic conopound", 
••Conjugation to a polymer molecule", ••Conjugation to a sugar moiety" and 
••Conjugation to an organic derivatizing agent" conjugation to specific types of non- 
polypeptide moieti^ is described. 

Conjugation to a lipophilic compound 

For conjugation to a lipophiUc compound the foUowmg polypeptide groups 
may fimction as attachment groups: the N-teraiinal or C-terminal of the polypeptide, 
the hydroxy groups of the amino acid residues Ser. Thr or Tyr, the s-anuno group of 
Lys, the SH groupof Cys or the caiboxyl group of Asp and Glu. The polypeptide and 
the lipophilic compound may be conjugated to each other, either direcfly or by use of 
a linker. The lipophilic compound may be a natural compound such as a saturated or 
Tinsaturated fetty acid, a fetty acid diketone. a terpene, a prostaglandin, a vitamine, a 
carotenoide or steroide, or a synthetic compound sudi as a carbon acid, an alcohol, an 
amine and sulphonic acid with one or more alkyl-, aryl-, alkenyl- or other multiple 
tmsaturated compounds. The conjugation between the polypeptide and the lipophUic 
compound, optionally through a linker may be done according to methods known in 
the art, e-g. as described by Bodanszky in Peptide Synthesis, John WUey. New Yoik, 
1976 and in WO 96/12505. 



Conjugation to a polymer molecule 

The polymw molecule to be coupled to the polypeptide may be any suitable 
polymer molecule, such as a natural or synthetic homo-polymer orheleropolymer. 




typicaUy with a molecular weight in the range of 300-100,000 Da, soch as 300-20,000 
Da. 

Examples of homo-polymers indude a polyol (i.e. poly-OH), a polyamine (i.e. 
poly-NHa) and a polycaiboxyHc acid (i.ft poly-CXX)H). A hetao-polymer is a polymer, 
whidi comprises one or more different coupling groiq>5, such as, eg., a hydiox^ gfoap 
and an amine grox^. 

Examples of suitable polymer molecules indude polymo- molecules selected 
fiom the group consisting of polyalkylene oxide (PAO). including polyalkylene glycol 
(PAG), sudi as polyefliylene glycol (PEG) and polypropylene glycol (PPG), branched 
PEGS, poly-vinyl alcohol (PVA), poly-caihoxylate, poly-(viiqrlpyiolidone), 
polyefliylene-co-maleic add anhydride, polystyrraie-co-malic add anhydride, dextran 
including carboxymethyl-dextran, or any othCT biopolymo- statable for reducing 
immunogenidty and/or inoreasing functional in vivo half-life and/or soum half-life. 
Anoflier example of a polymer molecule is human albumm or another abundant plaana 
protein. Generally, polyallQ'lene glycol-derived polymers are biocompatible, non- 
toxic, non-antigenic, non-immunogenic, have various water solubiUty properties, and 
are easily excreted from living organisms. 

PEG is the preferred polymer molecule to be used, since it has only few 
reactive groups capable of cross-linking compared, e.g., to polysaccharides such as 
d^ctran, and the like. In particular, monofunctional PEG, e.g 
monomethoxypolyethylene glycol (mPEG), is of interest since its coupling chemistry 
is relatively simple (only one reactive gcovp is available for conjugating with 
attadunant groups on the polypeptide). Consequently, the risk of cross-linking is 
eliminated, the resulting polypq)tide conjugates are more homogeneous and the 
reaction of the polymer molecules wifli the polypeptide is easier to control. When the 
interferon molecule is PEGylated it usually comprises 1-5 polyethylene glycol (PEG) 
molecules. In a fiirther embodimoit the interfoon molecule comprises 1-5 PEG 
molecules, sudi as 1, 2 or 3 PEG molecules. Jn a further embodimoit eadi PEG 
molecule has a molecular weight of about 5 kDa (kilo Dalton) to 100 kDa. In a further 
onbodiment each PEG molecule has a molecular weight of about 10 kDa to 40 kDa. 
Tn a further embodiment eadi PEG molecule has a molecular wdght of about 12 kDa. 
Jn a further embodhnent eadi PEG molecule has a molecular wdght of about 20 IsDa. 
Preferably the mtofeton molecule comprises 1-3 PEG molecules eadi having a 
molecular wd^t of about 12 kDa, or 1 PEG molecule havmg a molecular wdght of 
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about 20 kDa. Suitable PEG molecules are available from Shearwater PolymCTS, Inc. 
and Enzon, Inc. and may be selected from SS-PEG, NPC-PEG, aldehyd-PEG, mPEG- 
SPA, mPEG-SCM, mPEG-BTC, SC-PEG, tresylated mPEG (US 5,880,255), or 
oxycaibonyl-o:^-N-dicaiboxyimide-PEG (US 5,122,614), 

To effect covalent attadunent of the polymer molecule(s) to the polypeptide, 
the hydioxyl end groups of the polyma molecule must be provided in activated fonn, 
i.e. with reactive functional groups (examples of wfaidi include primary amino 
groups, hydiazide (HZ), thiol, sucdnate (SUQ, succinimidyl succinate (SS), 
sucdnimidyl sncdnamide (SSA), sncdnimidyl proprionate (SPA), succinimi^l 
carbo^gonethylate (SCM), benTOtriazole carbonate (BTC), N-hydro^grsucdnimide 
(NHS), alddiyde, mtrophenylcarbonate (NPC), and tresylate (TRES)). Suitably 
activated polymer molecules are commerdally available, e.g. from Shearwato' 
Polymers, Inc., Huntsville, AL, USA orPoIyMasc, UK. Altemativdy, the polymer 
molecules can be activated by convoitional methods known in the art, e.g. as 
disclosed in WO 90/13540. Spedfic samples of activated linear or branched 
polymCT molecules for use in the present invwition are desraibed in the Shearwater 
Polymers, Inc. 1997 and 2000 Catalogs (Functionalized Biocompatible Polymers for 
Research and pharmaceuticals. Polyethylene Glycol and Dravatives, incorporated 
herein by reference). Specific examples of activated PEG polymors include the 
following linear PEGs: NHS-PEG (e.g. SPA-PEG, SSPA-PEG, SBA-PEG, SS-PEG, 
SSA-PEG, SC-PEG, SG-PEG, and SCM-PEG). andNOR-PEG), BTC-PEG, EPOX- 
PEG,NCO-PEG, NPC-PEG, CDI-PEG, ALD-PEG, TRES-PEG, VS-PEG, lODO-PEG, 
and MAL-PEG, and branched PEGs sudi as PEG2-NHS and diose disclosed in US 
5,932,462 and US 5,643,575, both of whidi refaences are incorporated herein by 
reference. Furthermore, the following publications, incorporated herein by reference, 
disclose useful polymer molecules and/or PEGylation chemistries: US 5,824,778, US 
5,476,653. WO 97/32607, EP 229,108, EP 402,378, US 4,902.502, US 5,281,698, US 
5,122,614, US 5,219,564, WO 92/16555, WO 94/04193, WO 94/14758, WO 
94/17039, WO 94/18247, WO 94/28024, WO 95/00162, WO 95/1 1924, 
WO95/13090, WO 95/33490, WO 96/00080, WO 97/18832, WO 98/41562, WO 
98/48837, WO 99/32134, WO 99/32139, WO 99/32140, WO 96/40791, WO 
98/32466, WO 95/06058, EP 439 508. WO 97/03106. WO 96/21469. WO 95/13312, 
EP 921 131, US 5.736,625, WO 98/05363, EP 809 996, US 5,629,384, WO 96/41813, 
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WO 96/07670, US 5,473,034, US 5,516,673, EP 605 963, US 5,382,657, EP 510 
356, EP 400 472, EP 183 503 and EP 154 316. 

The conjugation of the polypeptide and ttie activated polymer molecules is 
conducted by use of any conventional meftod, e.g. as desmbed in die following 
refia-ences (whidi also desoibe suitable methods for activation of polymer molecules): 
Harris and Zalipslgr, eds., PoIy(ethylCTe glycol) Chemistiy and Biological Applications, 
AZC, Washington; R.R Tajdor, (1991), "Protein immobilisation. Fundamental and 
applications", Marcel Dddcer, N.Y,; S.S. Wong, (1992), "Chemistry of Protein Conjuga- 
tion and Crosslinldng", CRC Press, Boca Ratoi^ G.T. Homanson et al., (1993), 
"Immobilized AflBnity Ligand Techniques", Academic Press, N.Y,)- The skilled person 
will be aware Oat die activation mediod and/or conjugation chemistry to be used 
dq)ends on fte attachment groiqp(s) of the IFNB polypeptide as well as the fimctional 
groups of the polymer (e.g. being amino, hydroxyl, carboxyl, alddiyde or sulfydryl). The 
PEGylation may be directed towards conjugation to all available attachment groups 
on the polypeptide (i.e. such attachment groups that are exposed at the surface of the 
polypeptide) or may be directed towards specific attachment groups, e,g. the N- 
terminal amino group (US 5,985,265). Furthermore, the conjugation may be achieved 
in one step or in a stepwise manner (e.g. as described in WO 99/55377). 

It will be understood that the PEGylation is designed so as to produce the 
optimal molecule with rrapect to die number of PEG molecules attached, the size and 
form (e.g. whether they are linear or branched) of such molecules, and where in the 
polypeptide such molecules are attached. For instance, the molecular weight of the 
polym^ to be used may be cfaos^ on the basis of the desired effect to be achieved. For 
instance, if the primary purpose of the conjugation is to achieve a conjugate having a 
high molecular wei^t (e.g. to reduce renal clearance) it is usually desirable to conjugate 
as few high Mw polymer molecules as possible to obtain the desired molecular weigiht. 
When a high degree of epitope shielding is desirable this may be obtained by use of a 
sufiBdently high number of low molecular wdg^t polymer (e.g. with a molecular weight 
of about 5,000 Da) to effectively shield all or most epitopes of die polypeptide. For 
instance, 2-8, such as 3*6 such polymers may be used. 

In connection with conjugation to only a single attachment group on die 
protein (as desaibed in US 5,985,265), it may be advantageous that the polymer 
molecule, iwdiich may be linear or branched, has a high molecular weight, e.g. about 
20]cDa. 
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Notmally , flie polymer conjugation is perfonned under conditions aiming at 
reacting all available polyn^ attadnnent smvps wifli polymer molecules. Typically, tiie 
molar ratio of activated polymer molecules to polypeptide is 1000:1-1:1, in particular 
200:1-1:1, preferably 100:l-l:l,sudi as 10:1-1:1 or 5:1-1:1 in order to obtain optimal 
reaction. However, also equimolar ratios may be used. 

It is also amtoiiplated to coiq>le flie polymer molecules to flie polypq)tide 
tibrou^ a link^. Suitable linkers are well known to the skilled pasaa. A prefeied 
example is cyanuric cMoride (Abuchowski et al., (1977), J. BioL Chem., 252, 
3578-3581; US 4,179,337; Shaffer et aL, (1986), J. Polym. Sd. Polym. C3iem. Ed., 24, 
375-378. 

SiAsequent to the conjugation residual activated polyma molecules are 
blocked according to methods known in tiie art, e.g. by addition of primary amine to 
the reaction mixture, and the resulting mactivated polymer moleodes removed by a 
suitable method. 

Covalent in vitro coupling of a carbohydrate moiety to amino add residues of 
IFNB may be used to modify or increase the number or profile of carbohydrate 
substituents. Depending on die coupling mode used, the carbohydrate(s) may be 
attached to a) arginine and histidine (Lundblad and Noyes, Chemical Reagents for 
Protein Modification, CRC Press Inc. Boca Raton, FI), b) free carboxyl groups (e.g. 
of die C-terminal amino acid residue, asparagine or glutamine), c) free sulfliydryl 
groups such as that of cysteine, d) free hydroxyl groups such as those of serine, 
threonine, tyrosine or hydroxyproline, e) aromatic residues such as those of 
phenylalanine or tryptophan or f) the amide group of glutamine. These amino acid 
residues constitute examples of attachment groups for a carbohydrate moiety, which 
m^ be introduced and/or removed in the IFNB polypeptide. Suitable methods of wi 
vitro coupling are described in WO 87/05330 and in Aplin etl al., CRC Crit Rev. 
Biodxem., pp. 259-306, 1981. The in vitro coiqpling of carbohydrate moieties or PEG 
to i»otein- and pq>tide-bound Ghi-residues can also be carried out by 
transglutaminases (TGases), e.g. as described by Sato et al., 1996 Biodiemistty 35, 
13072-13080 or in EP 725145 

Coupling to a sugar moiety 

In Older to adueve in vfvo glyoosylation of an IFNB polypeptide as described 
herdn, e.g. one that has been modified by introduction of one or more glycosylation 
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sites (see the section "Conjugates of the invention according to WO 01/15736 wherein 
the non-polypeptide moiely is a sugar moiety") or by modification of an amino acid 
residue located close to a glycosylation she (as described in the section entitled 
••Variants with increased glycosylation"), the nucleotide sequence encoding the 
polypeptide part of the conjugate must be inserted in a glycoaylating, eucaryotic 
expression host The expression host cell may be sdected ftom fungal (filamentous 
fimgal or yeast), insect, mammalian, animal and transgenic plant cells or fi»m 
transgenic animals. Furthermore, the glycosylation may be adueved in the human 
body when udng a nucleotide sequence encoding a polypeptide described herein in 
gene therapy. In one embodiment the host cell is a mammalian cell, such as an CHO 
cell, BHK or HEK oeU. e.g. HEK293, or an insect cell, such as an SF9 cell, or a yeast 
cell, e.g. Saccharomyces cerevisiae, Pichiapastoris or any oflier suitable 
glycosylating host. e.g. as described fiirfher below. Optionally, sugar moieties 
attached to tiie IFNB polypeptide by in vivo glycosylation are fijrther modified by use 
of glycosyltransferases, e.g. using tiie glycoAdvance™ technology mariceted by 
Neose, Horsham, PA, USA. Thereby, it is possible to, e.g., increase tiie sialyation of 
flie glycosylated IFNB polypeptide following expression and in vivo glycosylation by 
CHO cells. 

Coupling to cm organic derivatizing agent 

Covalent modification of tiie IFNB polypeptide may be perfonned by reacting 
(an) attachment group(s) of tiie polypeptide witii an organic derivatizing agent 
Suitable derivatizing agents and meflwds are weU known in tiie art. For example, 
cysteinyl residues most commonly are reacted witii a-haloacetates (and corresponding 
amines), such as diloioacetic add or chloroacetamide, to give caiboxymetiiyl or 
caiboxyamidomefliyl derivatives. Cysteinyl residues also are derivatized by reaction 
wifli bromotrifluoioacetone, a-btomo-p-(4-inudozoyl)propionic add, cWoroacetyl 
phoq)hate, N-alkyhnaldmides, 3-nitio-2-pyridyl disulfide, mefliyl 2-pyridyl disulfide, 
p-diloromercaribenzoate, 2-chloromerouri-4-nittophenol, or cfaloro-7.nitrobenzo-2- 
oxa-l,3-diazole. Histidyl leadues are derivatized by reaction wifli dietiiyl 
pyrocaibonate at pH 5.5-7.0 because tiiis agent is relatively spedfic fat tiie histidyl 
side chain. Paia-bromophenacyl biomide also is usefid; flie reaction is preferably 
perfonned in 0.1 M sodhim cacodylate at pH 6.0.Lysmyl and amino temrinal residues 
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are reacted with sacdnic or other caiboxylic acid anhydrides. Derivatization widi 
these agents has the effect of reversing the chaige of the lysinyl residues. Other 
suitable reagents for derivatizing a-ammo-containing residues include imidoesters 
such as m^yl picolinimidat^ pyridoxal phosphate; pyiidoxal; cMoroborohydiide; 
tiinitrobenzenesalfonic add; O-melhylisourea; 2,4-pentanedione; and transaminase- 
catalyzed reaction with glyoxylate. Aipnyl residues are modified by reaction wifli 
one or several conventional reagents, among them phenylglyoxal, 2,3-butanedione, 
1^-cycIohexanedione, and ninhydrin. Derivatization of arginine residues requires that 
the reaction be performed in alkaline conditions because of the high pKa of the 
gnanidine fimctional group. Furtheraiore, these reagents may react wifli the ffciaps of 
lysme as well as the ar^nine guanidino group. Caiboxyl side groups (asparQrl or 
glutamyl or C-terminal amino add residue) are sdectivdy modified by reaction wifli 
caibodiimides (R-N=C=N-R'), where R and R' are differrait aSkyi groups, such as 1- 
cycIohexyl-3-(2-moipholinyl-4-etibyI) caibodiimide or l-efliyl-3-(4-azonia-4,4- 
dimethylpentyl) carbodiimide. Furtheraiore, aspartyl and glutamyl residues are 
converted to asparagmyl and glutaminyl residue by reaction with ammonium ions. 

Methods of preparing an IFNB polypeptide of the invention (or as described in WO 
01/15736) 

The polypeptide for use in tibe present invention, optionally in glycosylated 
form, may be produced by any suitable method known in the art. Such methods 
include constructing a nucleotide sequence encoding the polypeptide and expressing 
the sequence in a suitable transformed or transfected host However, polypeptides for 
use in the invention may be produced, albdt less efSdently, by chemical synthesis or 
a combination of diemical synthesis or a combination of dionical synthesis and 
recombinant DNA tedmology. 

The nucleotide sequmce encoding an IFNB polypeptide for use in the present 
invention may be constructed by isolating or synthesizmg a nucleotide sequence 
encoding tbe parent IFNB, e.g. wifh flie amino add sequence shown in SEQ ID NO 2, 
and then dianging the nucleotide sequence so as to effect introduction Oi.e. insertion 
or substitution) or deletion ^.e. removal or substitution) of fixe relevant amino add 
rBsidue(s). 
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The nucleotide sequence is conveni«itly modified by site-directed 
mutagenesis in accordance with weU-known mefliods, see, e.g., Marie et al., "Site- 
specific Mutagenesis of the Human Fihroblast Interferon Gene", Proc. Natl. Acad. 
Sd. USA, 81, pp. 5662-66 (1984); and US 4,588,585. 

Alternatively, the nucleotide sequence is prepared by chemical synthesis, e.g. 
by using an oligonudeotide synthesizer, xn^erdn oligonudeotides are designed based 
on the amino add sequence of the desired polypeptide, and preferably selecting those 
codons that are fevored in the host cell in which the recombinant polypeptide wUl be 
produced. For example, several small oUgonucleotides coding for portions of the 
desired polypeptide may be synthesized and assembled by PCR, Kgation or Hgation 
chain reaction (LCR). The individual oUgonucleotides typicaUy contain 5* or 3' 
ov^angs for complementary assembly. 

Once assembled (by synthesis, site-directed mutagraesis or another mefliod), 
the nucleotide sequence encoding the IFNB polypeptide is inserted into a recombinant 
vector and operably linked to control sequaices necessary for expresaon of the IFNB 
in the desired transformed host cell. 

It should of course be understood that not all vectors and expression control 
sequences function equally well to express Ae nucleotide sequence encoding a 
polypeptide variant described herein. Neither will all hosts function equally well with 
the same expression system. However, one of skill in the art may make a selection 
among &ese vectors, expression control sequences and hosts without undue 
experimentation. For example, in selecting a vector, the host must be considered 
because the vedor must replicate m it or be able to integrate into the chromosome. 
The vector's copy number, the ability to control that copy number, and the expression 
of any other proteins encoded by the vector, such as antibiotic markers, should also be 
considered. In selecting an expression control sequence, a variety of factors should 
also be considered. These include, for example, the relative strength of the sequence, 
its controllabiUty, and its compatibility with the nucleotide sequence encoding the 
polypeptide, particularly as regards potential secondary structures. Hosts should be 
selected by consideration of Ihdr compatibiUty with the chosen vector, the toxidty of 
the produd coded for by the nucleotide sequence, flieir secretion diaraderistics, their 
abUity to fold flie polypeptide conediy, their fermentation or culture requirements, 
and fte ease of purification of flie products coded for by the nudeotide sequence. 
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The recombinant vector may be an autonomously replicating vector, i.e. a 
vector wbich exists as an extradiiomosomal entity, the replication of which is 
independent of chromosomal replication, e.g. a plasmid. Alternatively, the vector is 
one which, when introduced into a host cell, is integrated into the host cell genome 
and repUcated togetha- with the diromosome(s) into whidi it has been integrated. 

The vector is preferably an expression vector, in which the nucleotide 
sequence encoding the polypq»tide foruse in the invention is operably linked to 
additional segments required for transcription of the nucleotide sequence. The vector 
is typically derived fiom plasmid or viial DNA. A number of suitable expression 
vectors for expression in the host ceUs mentioned herein are commercially available 
or described in the Uterature. Useful expression vectors fix eukaryotic hosts, include, 
for example, vectors comprising expression control sequences fiom SV40. bovine 
papilloma virus, adenovirus and cytomegalovirus. Specific vectors are, e.g., 
pCDNA3.1(+)\Hyg (Invitrogen. Carlsbad, CA, USA) and pQ-neo (Stratagene. La 
Jola, CA, USA). Useful expression vectors for bacterial hosts include known bacterial 
plasmids, such as plasmids from E. coli, including pBR322, pET3a and pET12a (both 
from Novagen Inc., WI, USA), wider host range plasmids, such as RP4, phage DNAs. 
e.g., the numerous derivatives of phage lambda, e.g. , NM989, and other DNA 
phages, such as Ml 3 and filamentous single stranded DNA phages. Useful expression 
vectors for yeast cells include the 2|i plasmid and derivatives thereof, the POTl 
vector (US 4,931,373), the pJS037 vector described in (Okkels, Ann. New York 
Acad. Sci. 782, 202-207, 1996) and pPICZ A, B or C anvitrogen). Useful vectors for 
insect cells include pVL941, pBG31 1 (Gate et al., 'Isolation of the Bovine and 
Human Genes for Mullerian Inhibiting Substance And Expression of the Human Gene 
In Animal Cells'*. Cell, 45, pp. 685-98 (1986). pBluebac 4.5 and pMelbac (both 
available from Invitrogen). 

Other vectors for use m making the polypeptides for use in the invention 
include those that aUow the micleotide sequence encoding the polyp^tide variant to 
be amplified in copy number. Such amplifiable vectors are well known in the art. 
They include, for example, vectors able to be ampUfied by DHFR amplification (see, 
e.g., Kaufinan. U.S. Pat No. 4.470,461, Kaufinan and Sharp, "Construction Of A 
Modular Dihydrofolate Reductase cDNA Gene: Analysis Of Signals Utilized For 
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Efficient Expression", MoL Cell. Biol.. 2, pp. 1304-19 (1982)) and glutamine 
synthetase ("GS") amplification (see, e.g., US 5,122.464 and EP 338,841). 

The recombinant vector may fiirdier comprise a DNA sequence enabling the 
vector to repUcate in the host cell in question. An example of such a sequence (when 
the host cell is a mammaUan cell) is the SV40 origin of replication. When the host cell 
is a yeast cell, suitable sequences enabling the vector to replicate are the yeast plasmid 
2\i replication genes REP 1-3 and <»i^ of rq>lication. 

The vector may also comprise a selectable marker, e.g. a gene flie product of 
which complements a defect in the host cell, such as Ae gene coding for dihydrofolate 
reductase (DHFR) or the Schizosacdiaromyces pombe TPI gene (described by Pit 
Russell, Gene 40, 1985, pp. 125-130), or one which confers resistance to a drug, e.g. 
ampicillin, kanamycin, tetraQ'clin, diloramphenicol, neomycin, hygromydn or 
metiiotrexate. For filamentous fungi, selectable markers include amdS, pyrG, arcB, 
niaD. sC. 

The term "control sequences" is defined herein to include all componotfs, 
which are necessary or advantageous for the expression of the IFNB polypeptide. 
Each control sequence may be native or foreign to the nucleic acid sequence encoding 
the polypeptide. Such control sequences include, but are not limited to, a leader, 
polyadenylation sequence, propeptide sequence, promoter, chancer or upstream 
activating sequence, signal p^tide sequaice, and transoiption terminator. At a 
minimum, the control sequences include a promoter. 

A wide variety of expression control sequences may be used in the present 
invention. Such usefiil eiqnession control sequences include the e?q)ression control 
sequences associated with structural genes of the foregoing expression vectors as well 
as any sequence kiK>wn to control flie expression of genes of prokaryotic or 
eukaryotic cells or their viruses, and various combinations Haereot 

Examples of suitable control sequoices for directing transcription in 
mammalian cells include the early and late promoters of SV40 and adenovirus, e.g. 
the adenovirus 2 major late promoter, the MT-1 (metallothionein gene) promoter, the 
human cytomegalovirus hnmediate-early gene jnomoter (CMV), the human 
elongation factor la (EF-la) promoter, the Drosopfdla minimal heat shock protein 70 
promoter, the Rous Sarcoma Virus (RSV) promoter, the human ubiquitin C (UbC) 
promoter, the human growth hormone terminator, SV40 or adenovirus Elb region 
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polyadenylation signals and the Kozak consensus se<iuence (Kozak, M. JMol Biol 
1987 Aug 20;196(4):947-50). 

In Older to improve esqwession in mammalian cells a synthetic intron may be 
inserted in Ae 5* untranslated region of the nncleotide sequence encoding the 
polypeptide of interest An example of a synthetic intron is the synthetic intron from 
flie plasmid pCI-Neo (available from Promega Corporation, WI, USA). 

Examples of suitable control sequences for directing transcription in insect 
cells include the polyhedrin promoter, the PIO promoter, the Autographa caBfomica 
polyhedrosis virus basic protein promoter, tiie baculovirus immediate early gene 1 
promoter and the baculovirus 39K delayed-early gene promoter, and the SV40 
polyadenylation sequence. 

Examples of suitable control sequences for use in yeast host cells include the 
promoters of the yeast a-mating system, the yeast triose phosphate isomerase (TPI) 
promoter, promoters from yeast glycolytic genes or alcohol dehydogenase g«ies, the 
ADH2-4C promoter and the inducible GAL promoter. 

Examples of suitable control sequences for use in filamentous fimgal host cells 
include the ADH3 promoter and terminator, a promoter derived from the genes 
encoding Aspergillus oryzae TAKA amylase triose phosphate isomerase or alkaline 
protease, an^. niger a-amylase, A. niger or A. nidulans glucoamylase, A. nidulans 
acetamidase, Rhizomucor miehei aspartic proteinase or Upase, the TPIl terminator 
and ihs ADH3 tem^iinator. 

Examples of suitable control sequences for use in bacterial host cells include 
promoters of the lac system, the trp system, the TAC or TRC system and the major 
promoter regions of phage lambda. 

The nucleotide sequence encoding an IFNB polypeptide for use in the 
invention, whether prepared by sitcKJirected mutagenesis, synthesis or other methods, 
may or may not also include a nucleotide sequence that encode a signal peptide. The 
signal peptide is present when the polypeptide is to be secreted from the ceUs m 
which it is expressed, Such signal peptide, if present, should be one recognized by the 
cell chosen for expression of the polypeptide. The signal pqrtide may be homologous 
(e.g. be that noimaUy associated with human IFNB) or heterologous (i.e. originating 
from another source than human IFNB) to the polypeptide or may be homologous or 
heterologous to the host cdl, i.e. be a signal peptide normaUy expressed &om the host 
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cell or one which is not nonnaily expressed ftom the host cell. Accordingly, the signal 
peptide may be prokaiyotic, e.g. derived from a bacterium such as E. coli. or 
eulraiyotic, e.g. derived from a mammalian, or insect or yeast cdl. 

The presence or absence of a sigwd pqptide will, e.g., depend on the ejqjression 
host cell used for the production of the polypeptide, the protein to be expressed 
(vtdiether it is an intmceUular or extraceUnlar protein) and whether it is d^irable to 
obtain secretion. For use in filamentous fungi, the signal peptide may conveniently be 
daived from a gene encoding an Aspergillus sp. amylase or glucoamyiase, a gene 
encoding a Rhizoraucor miehei lipase or protease or a Humicola lanuginosa lipase. 
The signal peptide is preferably derived from a gene encoding A. oryzae TAKA 
amylase, A. niger neutral a-amylase, A. niger add-stable amylase, or A. mgo" 
glucoamyiase. For use in insect cells, the signal peptide may convanently be derived 
from an insect gene (cf. WO 90/05783), such as the lepidopteran Manduca sexta 
adipokinetic homione precursor, (cf. US 5,023,328), the honeybee melittin 
(Invitrogen), ecdysteroid UDPglucosyltransferase (egt) (Murphy et al.. Protein 
Expression and Purification 4. 349-357 (1993) or human pancreatic lipase CapT) 
(Methods in Enzymology 284, pp. 262-272, 1 997). 

A preferred signal peptide for use in mammalian cells is that of human IFNB apparent 
from the examples hereinafter or the murine Ig kappa light chain signal peptide 
(Coloma, M (1992) J. Imm. Methods 152:89-104). For use in yeast cells suitable 
signal peptides have been found to be the o-factor signal peptide from S. cereviciae. 
(cf. US 4,870,008), the signal peptide of mouse salivary amylase (cf. O. HagenbucMe 
et al.,Nature 289, 1981, pp. 643-646), a modified coboxypeptidase signal peptide (cf 
LJi. Vails et al., CeU 48, 1987, pp. 887-897), the yeast MRLsignal peptide (cf. WO 
87/02670), and Hbe yeast aspartic protease 3 (YAP3) agnal p^de (cf. M. Egel- 
Mitani et al.. Yeast 6, 1990, pp. 127-137). 

Any suitable host may be used to produce flie IFNB polypeptide, including 
bacteria, fimgi (including yeasts), plant, insect, mammal, or other ^ropriate animal 
cdls or cell lines, as well as transgenic animals or plants. Examples of bacterial host 
cdls include grampositive bacteria such as strains of Bacillus, e.g. B. brevis or B. 
subHlts, Pseudomonas or Streptomyces, or gramnegative bacteria, such as strains ofE 
coli. The introduction of a vector into a bacterial host cell may, for instance, be 
effected by protoplast transformation (see, e.g., Chang and Ck)hen, 1979, Molecular 



0256dkllO ' 57 

General Genetics 168: 1 1 1-l 15), using competent cells (see, eg.. Young and 
Spizizin, \96U Journal of Bacteriology 81: 823-829, or Dubnan and Davidoff- 
Abelson, im.Joumal of Molecular Biology 56: 209-221), electropoiation (see, e.g., 
Shigekawa and Dower, 1988, Biotechniques 6: 742-751), or conjugation (see, e.g., 
KoeMer and Thome, l9S7y Journal of Bacteriology 169: 5771-5278). 

Examples of suitable filamentous fiingal host ceUs include strains of 
Aspergillus. e.g. A. oryzae. A, niger, ocA. niduUms, Fusarium or Trickoderma. 
Fungal ceUs may be transformed by a process involving protoplast formation, 
transformation of the protoplasts, and regeneration of the cdl wall in a manner known 
per se. Suitable procedures for transfonmalion of A^ergfilus host cdls are described 
in EP 238 023 and US 5,679,543. Suitable mefliods for transforming Fuararfum 
species are described by Malardier et a/., 1989, Gene 78: 147-156 and WO 96/00787. 
Yeast may be transformed using the procedures described by Becker and Guarente, In 
Abelson, J.N. and Simon, M.L, editors, Gtdde to Yeast Genetics and Molecular 
Biology, Methods in Enzymology, Volume 194, pp 182-187, Academic Press, Inc., 
NewYoik;Itoe«a?., \99>^, Journal of Bacteriology \5l\ 163;andffinnenc/fl/., 1978, 
Proceedings of the National Academy of Sciences USA 75: 1920. 

Examples of suitable yeast host cells include strains of Saccharomyces. e.g. S. 
cerevisiae, Schizosaccharomyces. Kfyveromyces. Pichia. such as P. pastoris or P. 
methanolica. Hansenula, such as H. Polymorpha or Yarrowia. Methods for 
transforming yeast cells with heterologous DNA and producing heterologous 
polypeptides thereftom are disclosed by Clontech Uboratories, Inc, Palo Alto, CA, 
USA Cm the product protocol for the Yeastmaker™ Yeast Tranformation System Kit), 
and by Reeves et al., FEMS Microbiology Letters 99 (1992) 193-198. Manivasakam 
and ScWestt, Nucleic Adds Researdi, 1993, Vol. 21, No. 1 8. pp. 4414-4415 and 
Ganeva et al., FEMS Microbiology Letters 121 (1994) 159-164. 

Examples of suitable insect host cells include a Lepidoptora cell line, such as 
Spodoptera frugiperda (S® or S£21) or Trichoplusioa ni cells (High Five) (US 
5,077,214). Transformation of insect cells and production of heterologous 
polypeptides therein may be poformed as desoibed by Invitrogen. 

Examples of suitable mammalian host cells include Chinese hamster ovary 
(CHO) cell lines, (e.g. CHO-Kl ; ATCC CCL-61), Green Monkey cell lines (COS) 
(e.g. COS 1 (ATCC CRL-1650), COS 7 (ATCC CRL-1651)); mouse cells (e.g. 
NS/0), Baby Hamster Kidney (BHK) ceU lines (e.g. ATCC CRL-1632 or ATCC 
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CCL-10), and human cells (e.g. HEK 293 (ATCC CRL-1573)), as well as plant cells 
in tissue culture. Additional suitable cell lines are known in Ae art and available from 
public depositories such as the American Type Culture Collection, Rockville, 
Maryland. Also, the mammalian cell, sudh as a CHO cell, may be modified to express 
sialyltransferase, e.g. l,6-sialyltransf^:ase, e.g. as descaribed in US 5,047,335, in ord&r 
to provide improved glycosylation of the IFNB polypeptide. 

Methods for introducing exogeneous DNA into mammalian host cells include 
calcium phosphate-mediated transfection, electroporation, DEAE-dextran mediated 
transfection, liposome-mediated transfection, viral vectors and tibe transfection 
methods desoibed by Life Technologies Ltd, Paisley, UK using Lipofectamin 2000 
and Roche Diagnostics Corporation, Indianapolis, USA using FuGENE 6. These 
meAods are well known in the art and e.g. desoibed by Ausbel et al. (eds.), 1996, 
Current Protocols in Molecular Biology, John Wiley & Sons, New York, USA. The 
cultivation of mammalian cells are conducted according to established methods, e.g. 
as disclosed in (Animal Cell Biotechnology, Methods and Protocols, Edited by Nigel 
Jenkins, 1999, Human Press Lie, Totowa, New Jersey, USA and Harrison MA and 
Rae IF, General Techniques of Cell Ctilture, Cambridge University Press 1997). 

In the production methods, the cells are cultivated in a nutrient medium 
suitable for production of the polypeptide using methods known in the art. For 
example, the cell may be cultivated by shake flask cultivation, small-scale or large- 
scale fermentation (including continuous, batch, fed-batch, or solid state 
fermentations) in laboratory or industrial fermenters performed in a suitable medium 
and under conditions allowing the polypeptide to be expressed and/or isolated. The 
cultivation takes place in a suitable nutrient medium comprising carbon and nitrogen 
sources and inorganic salts, using procedures known in the art. Suitable media are 
available jfrom commercial suppliers or may be prepared according to published 
compositions (€,g.^ in catalogues of the American Type Culture Collection). If the 
polypeptide is secreted into the nutrient mediiun, the polypeptide can be recovered 
directiiy from the medium. If the polypeptide is not secreted, it can be recovered from 
cell lysates. 

Hie resulting polypeptide may be recovered by methods known in the art. For 
example, the polypeptide may be recovered from the nutrient medium by 
conventional procedures including, but not limited to, centrifugation, filtration, 
extraction, spray drying, evaporation, or precipitation. 



Q256dkllO 



59 



The polypeptides mey be purified by a varied of procedures known in the art 
including, but not limited to, chroniatogrsqphy ion exchange, affinity, 
hydrc^hobic, chromatofocusing, and size exclusion), electrophoretic procedures (e.|r., 
preparative isoelectric focusing), diffeential solubility (eg., ammonhnn sulfate 
precipitation), SDS-PAGE, or extraction (see, e.g.. Protein Purification, J.-C. Janson 
and Lars Ryden, editors, VCH PubUshers, New York, 1989). Specific mefliods for 
purifying polypeptides exhibiting IFNB activity are disclosed in US 4,289,689, US 
4,359,389, US 4,172,071, US 4,551,271, US 5,244,655, US 4,485,017, US 4,257,938 
and US 4,541,952. A specific purification method is based on immunoafSniQr 
purification (see, e.g., CKcamura et aL, "Human Fibroblastoid Interferon: 
Immunosorbent Column C!hromatogr^hy And N-Teiminal Amino Add Sequence", 
Biochem., 19, pp. 3831-35 (1980)). Also, hydroxyapadte chromatography may be 
used. Furthermore, purification may be based on the use of IFNAR 1 and/or IFNAR 
2, in particular IFNAR 2. 

The biological activity of the IFNB polypeptides can be assayed by any 
suitable metiiod known in the art. Such assays include antibody neutralization of 
antiviral activity, induction of protein kinase, oligoadenylate 2,5-A synthetase or 
phosphodiesterase activities, as described in EP 41313 Bl. Sudi assays also include 
immunomodulatory assays (see, e.g., US 4,753,795), growth inhibition assays, and 
measurement of binding to cells that express interferon recq>tors. Specific assays for 
determining the biological activity of polypeptides or conjugates for use in the 
invention are disclosed in the Materials and Methods section hereinafter. 

Pharmaceutical csomDOsitition and uses of a con jugate of fee invention 

The IFNB molecule for use in the invention is administered at a dose 
q>pn>ximately paralleling that employed in tiierapy with human IFNB such as 
Avonex, Relnf and Betaseron, ot a hi^er dosis. The exact dose to be administered 
AepeoAs on flie dbtcumstances. Normally, flie dose should be citable of preventing or 
lessoiing tiie severity or spread of flie condition or indicaticm bang treated. It will be 
apparent to those of skill in the art tiiat an effective amount of an IFNB molecule 
depoids, inter alia, i^on the disease, the dose, the administration sdiedule, whether 
tiie molecule is administered alone or in conjunction with ottior tiienq>eutic agents, the 
serom half-life of the compositions, and the general health of the patient 
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TTie IFNB molecules can be used "as is" and/or in a salt fonn fliweof. Suitable 
salts include, but are not limited to, salts with alkali metals or alkaline earth metals, 
sudi as sodium, potassium, lithium, calcram and magnesium, as well as e.g. zinc salts. 
These salts or complejces may by present as a crystalline and/or amorphous stracture. 

TTie IFNB molecule is prefiOTbly administered in a conqiosition furttier 
including a phannaceutically acceptable canier or exdpient "Pharmaceutically 
acceptable" means a cania- or exdpient that does not cause any untoward effects in 
patients to whom it is administered. Such phannaceutically accq»table carrieis and 
excipients are well known in tiie art 

The IFNB molecule can be formulated into pharmaceutical compositions by 
well-known meOiods. Suitable fonnulations are described in US 5,183,746, 
Remington's Pharmaceutical Sciences by E.W.Martin, 18* edition, A. R. Gennaro, 
Ed., Mack Publishing Company [1990]; Pharmaceutical Formulation Development of 
Peptides and Proteins, S. Frokjaer and L. Hovgaard, Eds., Taylor & Francis [2000]; 
and Handbook of Pharmaceutical Excipients, 3rd edition, A. Kibbe, Ed., 
Pharmaceutical Press [2000]). 

The IFNB molecule may be formulated into a pharmaceutical composition in a 
variety of foims, including liquid, gel, lyophilized, pulmonary dispersion, or any oflicr 
suitable form, e.g. as a compressed solid. The preferred form will depend upon the 
particular indication being treated and will be apparent to one of skill in the art 

The pharmaceutical composition may be administered parenterally (e.g. 
mtravenously, intramuscularly, intraperitoneally, or subcutaneously), orally, 
intiacerebrally, intradermally, intranasally, intrapulmonary, by inhalation, or in any 
other accqrtable mannra-, e.g. using PowderJect or ProLease tedmology. The 
prefened mode of administration will depend upon the particular indication being 
treated and will be appai&at to one of ^dSl in the art 

Pharmaceutical con^sition con^risinganlFNB polypeptide without free cysteine 

IFNB polypqptides tiwt do not have a fiee cysteine, e.g., the C17 of human 
IFNB derived polypeptides, has a significantiy reduced tendency to aggregate as 
compared to IFNB polypeptides comprising a fiee cysteine. This observation has 
important implications not only in the production of IFNB polypeptides (which 
becomes less complicated), but also with respect to tiie need of using stabilizers 
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minimizing the aggregation of IFNB polypeptides ^irben fonnulated into 
phaimaceutical products. 

Accoidingly, aphannaoeutical composition for use in tiie treatment of stroke 
comprises a glycosylated IFNB polypeptide that comprises the substitution C17S 
(relative to SEQ ID NO 2), the conq)osition comprising a reduced amount of stabilizer 
as compared to the amount required to prqwie a pharmaceutical composition 
comprising a glycosylated IFNB polypeptide comprising C17 but o&erwise having 
the same amino add sequence. For instance, the amount of stabilizer may be reduced 
by at least 50%, such as by at least 75% or an even higher percentage. 
Of particular interest is a pharmaceutical composition comprising an IFNB 
polypeptide that comprises the substitution C17S (relative to SEQ ID NO 2), the 
composition being substantially free from a stabilizer. 

The IFNB polypeptide for use in the invention may be any glycosylated IFNB 
free from a free cysteine, and may, e.g., by any of the parent IFNB molecules, the 
polypeptide part of a conjugate (glycosylated and optionally conjugated to a second 
non-polypeptide moiety), or a glycosylated variant as described herein (i.e. m the 
sections "Conjugate of the invention according to WO 01/15736 wherem the non- 
polypeptide moiety is a sugar moiety" or ^Variants with increased glycosylation"). 
When the IFNB polypeptide is derived from human IFNB it has an amino acid residue 
different from cystine in position 17, and comprises, e.g., the mutation C17S. 

The stabilizer which is reduced or not present may be any of those mentioned 
in the sections bdow. F<w instance, the stabilizer is HAS or a non-ionic surfectant 
sudi as Tween, e.g. Tweai 20 or Tween 80. 

Parenterals 

An exanq>le of a pharmaceutical composition is a solution designed for 
parenteral administration. Although in many cases pharmaceutical solution 
formulations are provided in liquid fomi, appropriate for immediate use, such 
parenteral formulations may also be provided in frozen or in lyophilized form. In tiie 
former case, tiie composition must be tiiawed prior to use. The latter form is often 
used to enhance flie stabUity of the active compound contained in tiie composition 
under a wider variety of storage conditions, as it is recognized by tiiose skilled in the 
art that lyophilized preparations are generally more stable flian tiieir liquid 
counterparts. Such lyophilized prq)arations are reconstituted prior to use by the 
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addition of one or more suitable pharmaceuticaUy acceptable dUuents sudi as sterile 
water for injection or sterUe physiolo^cal saline solution. 

In case of parenterals, Hiey are prepared for storage as lyophilized 
formulations or aqueous solutions by mixing, as appropriate, the polypeptide having 
the desired degiee of purity with one or more pharmaceutically acceptable carriers, 
exdpients or stabilizers typically employed in the art (all of which are termed 
"excipients"), for example buffering agents, stabilizing agents, preservatives, 
isotonifiers, non-ionic detergents, antioxidants and/or other miscellaneous additives. 
Buffering agents help to maintain the pH in the range which q)proximates 
physiological conditions. They are typically present at a concentration ranging from 
about 2 mM to about 50 mM Suitable buffering agents for use with the present 
invention include both organic and inorganic acids and salts thereof such as citrate 
buffers (e.g., monosodium citrate-disodium citrate mixture, dtric add-trisodium 
citrate mixture, dtric acid-monosodium citrate mixture, etc.), succinate buffers (e.g., 
succinic acid-monosodium succinate mixture, succinic acid-sodium hydroxide 
mixture, sucdnic acid-disodium succinate niixture, etc.), tartrate buffers (e.g., tartaric 
add-sodium tartrate mixture, tartaric add-potassium tartrate mixture, tartaric acid- 
sodium hydroxide mixture, etc.), fumarate buffers (e.g., fumaric add-monosodium 
fomaiate mixture, fumaric add-disodium fumarate mixture, monosodium fumarate- 
diso<Kum fumarate mixture, etc.), gluconate buffers (e.g., gluconic acid-sodium 
glyconate mixture, gluconic acid-sodium hydroxide mixture, gluconic add-potasshim 
glyuconate mixture, etc.), oxalate buffer (e.g., oxalic acid-sodium oxalate mixture, 
oxalic add-sodinm hydroxide mixture, oxalic add-potassium oxalate mixture, etc.), 
lactate buffers (e.g., lactic add-sodium lactate mixture, lactic add-sodium hydroxide 
mixture, lactic add-potasshim lactate mfarture, etc.) and acetate buffers (e.g., acetic 
add-sodium acetate mixture, acetic add-sodium hydroxide mixture, etc.). Additional 
possibilities are phosphate buffos, histidine buffers and trimethylamine salts such as 
Tris. 

Preservatives are added to retard microbial growth, and are typically added in 
amounts of about 0.2%-!% (w/v). Suitable preservatives for nse with the present 
invention include phenol, benzyl alcohol, meta-cresol, methyl paraben, propyl 
paraben, octadecyldimethylbenzyl ammonimn diloride, benzalkonhrai halides (e.g. 
benzalkonhraj chloride, bromide or iodide), hexamethonhim diloride, alkyl parabens 
such as methyl or propyl paraben, catediol, resordnol, cyclohexanol and 3-pentanol. 
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Isotonidfiere are added to ensure isotonidty of Uqoid compositions and include 
polyhydric sugar alcohols, preferably trihydric or higher sugar alcohols, such as 
glycerin, eiythritol, arabitol, xylitol, sorbitol and mannitol. Polyhydric alcohols can be 
present in an amount between 0.1% and 25% by weight, typically 1% to 5%, taking 
into account the relative amounts of the otiier ingredients. 

Stabilizers refer to a broad category of exdpients whidi can range in fimction fiom a 
bulking agent to an additive whidi solubilizes the therapeutic agent or helps to 
prevent denaturation or adherence to the contamer wall. Typical stabilizers can be 
polyhydric sugar alcohols (enumerated above); amino adds sud» as arginme, lysine, 
glydne, glutamine, asparagine, histidine, alanine, omifliine, L-leucine, 2- 
phenylalanine. glutamic add, threonine, etc., organic sugars or sugar alcohols, such as 
lactose, trehalose, stachyose, mannitol, sorbitol, xyUtol, ribitol, myoinisitol, galactitol. 
glycerol and the like, including cyditols such as inositol; polyethylene glycol; amino 
add polymers; sulfur-containing reducing agents, such as urea, glutathione, thioctic 
add, sodium thioglycolate, thioglycerol, a-monothioglycerol and sodium thiosulfete; 
low molecular wdght polypeptides (i.e. <10 residues); proteins such as human serum 
albumin, bovine serum albumin, gelatin or inranmoglobulins; hydrophilic polymers 
such as polyvinylpyrroUdone; monosaccharides such as xylose, mannose, fructose and 
ghicose; disacdiarides sudi as lactose, maltose and sucrose; trisaccharides such as 
raffinose, and polysaccharides such as dextran. Non-ionic surfactants or detergents 
(also known as "wetting agents") may be present to help solubilize the therapeutic 
agent as well as to proted flie ther^tic polypeptide against agitation-induced 
aggregation, which also permits the formulation to be exposed to shear surface stress 
without causing denaturation of the polypeptide. Suitable non-ionic surfactants 
include polysorbates (20, 80, eto.), polyoxamers (184. 188 etc), Pluronic® polyols, 
polyoxyethylene sorbitan monoethers (Tween®-20, Tween®-80, etc.). 

Stabilizers are typically present in the range of from 0.1 to 10,000 parts by 
wdght based on the active protein wdght, but may be reduced or absent in case of a 
pharmaceutical composition of the ravention as defined in the section entitled 
'•Pharmaceutical composition comprising an IFNB polypeptide without free cystdne". 
Additional miscdlaneous exdpients include bulking agents or fillers (e.g. stardi). 
chdating agents (e.g. EDTA), antioxidants (e.g., ascorbic acid, mefliionine, vitamin 
E) and cosolvents. The active ingredient may also be entrapped in microcq?sules 
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prepared, for example, by coascervation techniques or by int^&cial polymerization, 
for example hydroxymethylcellulose, gelatin or poly-(methylmethacylate) 
microcapsules, in colloidal dmg delivery systems (for sample liposomes, albumin 
miorospheres, microemulsions, nano-particles and nanocapsules) or in 
macroemulsions. Sudi techniques are disclosed in Remington's Pharmaceutical 
Sciences, supra. 

Parenteral formulations to be used for in vivo administration must be starile. 
This is readily accomplished, for example, by filtration through sterile filtration 
membranes. 

Sustained release preparations 

Suitable examples of sustained-release preparations include semi-p€»rmeable 
matrices of solid hydrophobic polymers containing the molecule for use in the 
invention, the matrices having a suitable forai such as a film or microcapsules. 
Examples of sustained-release matrices include polyesters, hydrogels (for example, 
poly(2-hydroxyethyl-methaciylate) or poly(vinylalcohol)), polylactides, copolymers 
of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, 
degradable lactic acid-glycolic acid copolymers such as the ProLease® technology or 
Lupron Depot® (injectable microspheres composed of lactic acid-glycolic acid 
copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While 
polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of 
molecules for long periods such as up to or over 1 00 days, certain hydrogels release 
protems for shorter time periods. When mcq>sulated polypeptides remain in the body 
for a long time, they may denature or aggr^ate as a result of exposure to moisture at 
37®C, resulting in a loss of biological activity and possible dianges in 
immxinogenicity. Rational strategies can be devised for stabilization depending on the 
mechanian involved. For example, if the aggregation medianism is discovaed to be 
intermolecular S-S bond formation through thio-disulfide mterchange, stabilization 
may be achieved by modifying sulfliydiyl residues, lyophilizing fi-om acidic solutions, 
controlling moisture content, using appropriate additives, and developing specific 
polymer matrix compositions. 
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Conjugate or polypeptide fonnulations suitable for use with a nebulizer, either jet or 
ultrasonic, will typically comprise the molecule dissolved in water at a concentration 
0^ e.g., about 0.01 to 25 mg of conjugate per mL of solution, preferably about 0,1 to 
10 mg/mL, The formulation may also include a buffer and a simple sugar (e.g., for 
protein stabilization and regulation of osmotic pressure), and/or human serum 
albumin ranging in conc«itration from 0.1 to 10 mg/ml. Examples of buffers that may 
be used are sodium acetate, citrate and glydne. Preferably, the buffer has a 
con5)osition and molarity suitable to adjust the solution to a pH in the range of 3 to 9- 
Generally, buffer molarities of fixim 1 mM to 50 mM are suitable for diis purpose. 
Examples of sugars which can be utilized are lactose, maltose, maimitol, sorbitol, 
trehalose, and xylose, usually in amounts ranging ftom 1% to 10% by weight of the 
formulation. 

The nebulizer formulation may also contain a surfactant to reduce or prevent 
surface induced aggregation of the protein caused by atomization of the solution in 
foraiing the aerosol. Various conventional surfactants can be employed, such as 
polyoxyethylene fatty acid estOT and alcohols, and polyoxyethylene sorbitan fatty 
acid esters. Amounts generally range between 0.001% and 4% by weight of the 
fomiulation. An especially preferred surfactant for purposes of this invention is 
polyoxyefliylene sorbitan monooleate. 

Specific formulations and methods of generating suitable dispersions of liquid 
particles of the invention are described in WO 9420069, US 5915378, US 5960792, 
US 5957124, US 5934272, US 591 5378, US 5855564, US 5826570, and US 5522385 
which are hereby incorporated by reference. 

Three ^ecific examples of commCTcially available nebulizers suitable for the 
practice of this invaition are the Ultravent nebulizer, manufactured by Mallinckrodt, 
Inc., St Louis, Mo., the Acorn 11 nd>ulizer, manufactured by Marquest Medical 
Products, Englewood, Colorado, and the AERx puhnonary drug delivery system 
manu&ctured by Aradigm Corporation, Hayward, Califi3mia. 

Formulations of flie invention for use wifli a metered dose inhaler device 
generally comprise a finely divided powder. This powder may be produced by 
lyophilizing and then milling a liquid formulation and may also contain a stabilizer 
such as human serum albumin (HSA). Typically, more than 0.5% (w/w) HSA is 
added Additionally, one or more sugars or sugar alcohols may be added to tihie 
preparation if necessary. Examples include lactose maltose, mannitol, sorbitol. 
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soAitose, trehalose. xyUtol, and xylose. The amount added to the fonnulation can 
range ftom about 0.01 to 200% (w/w). preferably from aiqffoximately 1 to 50%, of 
the conjugate present Such formulations are then lyophilized and milled to the 

desired particle size. 

The properly sized particles are th«ai suspended in a propeUant with the aid of 
a surfectant The propeUant may be any conventional material employed for this 
purpose, such as a chlorofluorocaibon, a hydrodUorofluorocarbon, a 
hydiofluoiocarbon, or a hydrocarbon, including tricMorofluoromethane, 
dicWorodifluorom^ane, dichlorotetrafluoroetfaanol, and l,l,l>tetrafluoroethane, or 
combinations thereof. Suitable surfactants include sorbitan trioleate and soya lecithin. 
Oleic acid may also be useful as a surfectant This mixture is then loaded into the 
delivery device. An example of a commerdally available metered dose inhaler 
suitable for use in the present invention is the Ventolin metered dose inhaler, 
manufactured by Glaxo Inc., Research Triangle Park, N.C. 

Such formulations for powder inhalers will comprise a finely divided dry 
powder containing the IFNB molecule and may also include a bulking agent, such as 
lactose, sorbitol, sucrose, or mannitol in amounts which fecilitate dispersal of the 
powder from the device. e.g., 50% to 90% by weight of the formulation. The particles 
of the powder shall have aerodynamic properties in the lung corresponding to 
particles with a density of about 1 g/cm^ having a median diameter less than 10 
micrometers, preferably between 0.5 and 5 micrometers, most preferably of between 
1.5 and 3.5 milometers. 

An example of a powder inhaler suitable for use in accordance with the 
teachings herein is the Spinhaler powder inhaler, manufactured by Fisons Ck>rp., 
Bedford. Mass. 

The powders for these devices m^ be generated and/or delivered by methods 
disclosed in US 5997848, US 5993783, US 5985248, US 5976574, US 5922354, US 
5785049, US 6,123,936 and US 55654007. 

The pharmaceutical composition containing the DFNB molecule may be 
administered by a wide range of mechanical devices designed for puhnonary deKvery 
of therapeutic products, including but limited to nebulizers, metered dose inhalers, 
and powder inhalers, all of whidi are femiliar to those of skill in the art. 

Some specific examples of commercially available devices suitable for the 
practice of this invention are the Ultiavent ndjulizer, manufectured by MalUnckrodt, 
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Inc., SL Louis, Missouri; the Acom n nebulizer, manufactured by Marquest Medical 
Products, Englewood, Colorado; the Ventolin metaned dose inhaler, manufactured by 
Glaxo Inc., Researdi Triangle Parte, North Carolina; the Spinhaler powder inhaler, 
manufectured by Fisons Coip., Bedford, Massachusetts; the «'standing cloud" device 
of Inhale Therapeutic Systems, Inc., San Carlos, California; the AIR inhaler 
manulactured by ADcennes, Cambridge, Massachusetts; and flie AERx puhnonaiy 
drug delivery system manufectured by Aradigm Corporation, Hayward, Califiwnia. 

The pharmaceutical composition of the mv^ition m^ be administo^ in 
conjunction with oflier therapeutic agents. These agents may be incorporated as part 
of the same pharaiaceutical composition or may be administered separately ftom the 
IFNB molecule fornse in the invention, either concunently or in accordance wth any 
other acceptable treatment schedule. In addition, flie molecule or pharmaceutical 
composition of the invention may be used as an adjunct to other ther^ies. 

The human IFNB is known for treating most types of viral infections, cancers 
or tumors or tumour angiogenesis, Chrohn's disease, ulcerative coUtis, GuiUain-Bair6 
syndrome, glioma, idiopathic pulmonary fibrosis, abnormal cell growth, or for 
immunomodulation in any suitable animal, preferably mammal, and in particular 
human. For example, tiie IFNB molecule or composition for use in the invention may 
be used in the treatment of osteosarcoma, basal cell carcinoma, ovarian carcinoma, 
cervical dysplasia, cervical carcinoma, laryngeal papillomatosis, mycosis fungoides, 
glioma, acute myeloid leukemia, multiple myeloma, Hodgkin's disease, melanoma, 
breast carcmoma, non-small cell lung cancer, malignant melanoma (adjuvant, late 
stage, as well as prophylactic), carcinoid tumour, B-cell lymphoma, T-ceU lymphoma, 
follicular lymphoma, Kaposi's sarcoma, duonic myelogenous leukaania, renal cell 
carcinoma, recun«nt superfiecial bladder cancer, colorectal carcinoma, haiiy cell 
leukaemia, and viral infections such as papilloma virus, viral hepatitis, herpes 
genitalis, herpes zoster, herpetic keratitis, heipes sunplex, viral encephalitis, 
Qrtomegalovirus pneumonia, ihinovirus dbronic persistent hepatitis, duonic active 
HCV (type D. chronic active HCV (type II) and chronic hepatitis B. 

In this connection, a conjugate according to WO 01/15736 or a variant as 
disclosed herein for use in the present mvention may be used for CML monolher^y 
or in combuiation witii cytarahne, for B-cell lymphoma monotherapy or in 
combination with doxorubicin-based regimens, for follicular lymphoma fter^y as an 
adjunct to CHOP-like regimen, for hepatitis C monotherapy or ui combination with 
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ribavirin, for multiple myeloma monotherapy or in combination with VBMCP, BCNU 
or VBMCP + HiCy, or for renal carcinoma monotherapy or in combination with 
Vinblastine, floxoridine, S-fluoruoxnadl orlL-lO. 

In particular the IFNB molecule or composition m^ be used for the treatment 
of multiple sclerosis (MS), such as any of the generally recognized four types of MS 
(benign, relapsing remitting MS (RRMS), primary progressive MS (PPMS) and 
secondary progressive MS (SPMS)) and for monosymptomatic MS), cancer or 
tumours, hepatitis, e.g. hepatitis B and hepatitis C, or a herpes infection (the latter 
treatment optionally being combined with a treatment with IL-10). 

In various aspects the interferon p polypeptide having at least 70% identity 
with wildtype human interferon p, is useful for the therapeutic or prophylactic 
treatment of human diseases of the central nervous system or peripheral nervous 
system which have primarily neurological or psychiatric symptoms, ophthahnic 
diseases, cardiovascular diseases, cardiopuhnonary diseases, respiratory diseases, 
kidney, urinary and reproductive diseases, gastirointestinal diseases and endocrine and 
metaboUc abnoimalities. In particular, such conditions and diseases include 
mflammatory, eg neuroinflammatoiy processes, which adversely affect excitable 
tissues, such as excitable tissues in tiie central nervous system tissue, peripheral 
nervous system tissue, or cardiac tissue or retinal tissue such as, for example, brain, 
heart, or retina/eye. Therefore, the mvention can be used to treat or prevent damage 
to excitable tissue resulting fix>m inflammatory processes in a variety of conditions 
and circumstances. Non-limiting exanq»les of sudi conditions and circumstances are 
provided in the table heron below. 

In the example of the protection of neuronal tissue pathologies treatable in. 
accordance witii tiie present invention, such patiiologies include those which result 
from reduced oxygenation of neuronal tissues. Any condition which reduces the 
availabiUty of oxygen to neuronal tissue, resulting in stress, damage, and finally, 
neuronal cell death, can be treated by the methods of the present invention. Generally 
referred to as hypoxia and/or ischemia, these conditions arise from or include, but are 
not limited to stroke, vascular occlusion, prraatal or postnatal oxygen deprivation, 
suffocation, choking, near drowning, carbon monoxide poisoning, smoke inhalation, 
trauma, including surgery and radioflier^y, asphyxia, epUepsy, hypoglycemia, 
chronic obstructive puhnonary disease, emphysema, adult respiratory distress 
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syndrome, hypotensive shock, septic shock, an^hylactic shock, insulin shock, sickle 
cell crisis, cardiac arrest, dysrhythmia, nitrogen narcosis, and neurological deficits 
caused by heart-lung bypass procedures. 

In one embodiment, the specific interferon-beta variant compositions can be 
administered to prevait injury or tissue damage resulting from risk of iidwy or tissue 
damage during surgical procedures, such as, for example, tumor resection or 
anwrysm repau-. Other pathologies caused by or resulting fiom hypoglycemia whidi 
are treatable by the methods described heron include insulin overdose, also referred 
to as iatrogenic hyperinsulinemia, msulinoma, growfli hormone deficiency, 
hypocortisolism, drug overdose, and certmn tumors. 

Other pathologies resulting fi»m excitable neuronal tissue damage include 
seizure disorders, such as epilepsy, convulsions, or chronic seizure disorders. Othw 
treatable conditions and diseases include diseases such as stroke, hypotension, cardiac 
arrest, Alzhdmer's disease, Paridnson's disease, cerebral palsy, brain or spinal cord 
trauma, AIDS dementia, age-related loss of cognitive fimction, memory loss, 
amyotrophic lateral sclerosis, seizure disorders, alcoholism, retinal ischemia, optic 
nerve damage resulting firom glaucoma, and neuronal loss. 

The specific compositions and methods of the invention may be used to treat 
conditions o^ and damage to, retinal tissue. Such disorders include, but are not 
lunited to retinal ischemia, macular degeneration, retinal detachment, retinitis 
pigmentosa, arteriosclerotic retinopathy, hypertensive retinopathy, retinal artery 
blockage, retinal vein blodcage, hypotension, and diabetic retinopathy. 

In another embodiment, the methods principles of the invention may be used to 
protect or treat injury resulting fifom radiation damage to excitable tissue. A further 
utiUty of file methods of fi»e present invention is in die treatment of neurotoxin 
poisoning, such as domoic add shellfish poisoning, neurolathyrism, and Guam 
disease, amyotrophic lateral sclerosis, and Parkinson's disease. 

As mentioned above, tiie present invention is also directed to a method for 
enhandng excitable tissue fimction m a primate by peripheral administration of an 
Interferon-beta variant as described above. Various diseases and conditions are 
amenable to treatment using this method, and fiirther, this method is usefiil for 
enhancing cognitive fimction in the absence of any condition or disease. These uses 
of tfje present invention are described in fiirther detail below and hiclude enhancement 
of learning and braining in both human and non-human primates. 
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Conditions and diseases treatable by the meUiods of this aspect of the present 
invention directed to the central nervous systan indude but are not limited to mood 
Orders, anxiety disorders, depression, autism, attention d^cit hypaactivity 
disorder, and cognitive dysfunction. These conditions benefit &om eiihancemait of 
neuronal function. Other disorders treatable in accordance wifli the teachings of the 
pcesaA invention include sleep disruption, for example, sleep apaea and travel-related 
disorders; subarachnoid and aneurisnoal bleeds, hypotensive shock, concussive injury, 
xp&c shodc, anq>hylactic shock, and sequelae of various encephalitides and 
meningitides, for ecample, connective tissue disea^related cerebritides such as 
lapus. Other uses include prevention of or protection from poisoning by neurotoxins, 
such as domoic add shdlfish poisoning, neurolatiiyrism, and Guam disease, 
amyotrophic latoal sclorosis, Parkinson's disease; postopoative treatment for 
embolic or ischemic injury; whole brain irradiation; sickle cdl crisis; and edampsia. 

Various neuropsychologic disorders which are believed to origmate ftom 
exdtable tissue damage are treatable by the instant mefliods. Chronic disorders in 
which inflammatory processes and hence neuronal damage is involved and for whidi 
treatment by the present invention is provided include disorders relating to the central 
nervous system and/or peripharal nervous system including age-related loss of 
cognitive function and senile dementia, chronic seizure disorders, Alzheimer's 
disease, Parkinson's disease, danentia, memory loss, amyotrophic lateral sclerosis, 
multiple sclerosis, tuberous sderosis, Wilson's Disease cerebral and progressive 
supranuclear palsy, Guam disease, Lewy body draientia, prion diseases, such as 
spongiform encephalopathies, e.g., Creutzfddt-Jakob disease, Huntington's disease, 
myotonic dystrophy, Freidrich's ataxia and afhet ataxias, as well as Gilles de la 
Tour^'s syndrome, seizure disorders such as epilepsy and chronic seizure disorder, 
stroke, biain or spinal cord trauma, AIDS dementia, alcoholism, autism, retinal 
isdiemia, glaucoma, autonomic fon<^on disorders such as hypertension and sleep 
disorders, and neuiop^diiatric disorders that include, but are not lunited to 
schizophrenia, schizoaffective disord^, attention defidt disorder, dystiiymic disorder, 
major d^ssive disorder, mania, obsesave-compilsive disordo:, psychoactive 
substance use disorders, anxiety, panic disorder, as wdl as unipolar and bipolar 
affective disoiders. Additional neuropsyciiiatric and neurodegraerative disorders 
include, for «cample, fliose listed in the American Psychiatric Assodation's 
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Diagnostic and Statistical manual of Menial Disorders (DSM), the most current 
version of which in incorporated herdn by reference in its entirety. 

The following table lists additional exemplary, non-limiting indications as t« 
various conditions and diseases amenable to treatment by the aforementioned 



Interferon-beCa variants. 



Cell, tissue or 
organ 


DysfuncAon or 
pathology 


Condition or disease | 


Type 1 


Heart 


Ischemia 


Coronary artery j 
disease 


Acute, chronic 1 
Stable, unstable | 






Myocardial 1 
infarction 


Dressler's syndrome | 






Angina 1 








Congenital heart j 
disease 1 


Valvular 

Cardiomyopathy | 






Prinzmetal angina | 








Cardiac rupture 1 


Aneurysmatic j 
Septal perforation 1 






Angiitis 1 






Arrhyflixnia 


Tadiy-, 

faradyarrhyfhmia 

Supraventricular, 

ventricular 

Conduction 

abnormalities 


Stable, unstable 1 
1 Hypersensitive carotid sinus 
node 1 




Congestive heart 
failure 


Left, right, bi- 
ventricular 


Cardiomyopathies, such as j 
idiopathic familial, infective, 
metabolic, storage disease, 
deficiencies, connective tissue 
disorder, infiltration and 
1 granulomas, neurovascular 






Myocarditis 


Automunune, infective, 1 
1 idiopathic 
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CeU, tissue or 
organ 



Vascular 



Lungs 



Dysfunction or 
I pathology 



Condition or disease 



Cor pulmonale 



Blunt and penetrating 
trauma 

Toxins " I Cocaine 



Hypertension 
Decompression 
sidcness 



Primary, secondary 



Fibromuscular 
hyperplasia 



Aneurysm 



Obstructive 



Dissecting, ruptured, 
eolar^ng 

Asthma 
Chronic bronchitis, 
EmphjrsCTia and 
airway obstruction 



Type 



Ischemic lung disease 



Pulmonary 
embolism, 
Puhnonary 
thrombosis. 
Fat embolism 



Environmental lung 
diseases 



Isdiemic lung disease 



Interstitial lung 
disease 



Pulmonary embolism 
Pulmonary 
thrombosis 
Idiopathic pulmonary 
fibrosis 



Congenital 



Cystic fibrosis 



Cor pulmonale 
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Cell, dssue or 
organ 


Dysfunction or | 
pomology 


CondiAon or disease 


Type 




Trauma 1 








Pneumonia and 1 
pneumonitides 1 


bifectious, parasitic, 
toxic, traumatic, 
bum, aspiration 






Sarcoidosis 1 














Pancreas 


Endocrine | 


Diabetes mellitus, 
type I and n 


Beta cell &ilure, dysfunction 
Diabetic neuropathy 






Other endocrine cell 
failure of the 
pancreas 








Exocrine pancreas 
failure 


pancreatitis 










Bone 


Osteopenia 


1 Primary 
secondary 


Hypogonadism 

immobilisation 

Postmenopausal 

Age-related 

Hyperparathyroidism 

Hyperthyroidism 

Calcium, magnesium, 

phosphorus and/or vitamin D 

deficiency 




Osteomyelitis 








Avascular necrosis 








Trauma 








Paget*s disease 














Skin 


Alopecia 


1 Areata 
1 Totalis 


Primary 
Secondary 
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CeB, tissue or 1 ^ 
organ ] j 


Uysfuncdon or 
pathology 


Condition or disease 


Type 1 








Male pattern baldness 1 




VitiUgo 


Localized 
generalized 


Primary 
secondary 




Diabetic ulceration 








Peripheral vascular 
disease 








Bum injuries 














1 Autoimmune 1 


Lupus 

erythematodes, 
Sjiogren, 

Rheumatoid arthritis. 

Glomerulonephritis, 

Angiitis 








Lang^lian's 
histiocytosis 














Eye 


1 Optic neuritis 






\ 1 


Blunt and penetrating 
injuries. Infections, 
Sarcoid, Sickle C 
disease. Retinal 
detachment, 
1 Temporal arteritis 














1 Embryonic and 
1 fetal disorders 


Asphyxia 








Ischemia 














CNS 


Chronic fatigue 
syndrome, acute and 
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Cdl, tissMie or T 
organ j 


Jfysfunction or 
paAology 


CondiAon or disease 






chronic hypoosmolar 
and hyperosmolar 
syndromes, AIDS 
Dementia, 
Electrocution 








Encephalitis | 


Rabies, Heipes 






Meningitis 








Subdural hematoma 1 








Nicotine addiction 1 








Drog abuse and j 
withdrawal 


Cocaine, heroin, 
crack, marijuana, 
LSD, PCP, poly-drag 
abuse, ecstasy, 
opioids, sedative 
hypnotics, 
amphetamines, 
caffeine 






Obsessive- 
compulsive disorders 








1 Spinal stenosis, 
Transv«w myelitis, 
GuillianBarre, 
Trauma, Nerve root 

1 compression, 

1 Tumoral 

1 compression. Heat 
stroke 






ENT 


1 Tinnitus 
Meuniere's syndrome 
Hearing loss 








1 Traumatic injury. 
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Cell, Ussue or 
organ 


Dysfunction or 
padiology 


Condition or disease 


Type 


Kidney 


'KamfrfliiTn 9. 

DOiV/U OAUllC* 

Pmnl fWilure 


Acute, dironic 


Vascular/ischemic, interstitial 
disease, diabetic kidney 
disease, nephrotic syndromes, 
infections 




Henoch S- Piiipnra 














Striated muscle 


Autoinunune 

(IISUa Uwl d 


Myasthenia gravis 

Demiatomyositis 

Polymyositis 






Mvooatfaies 


Inherited metabolic, 
radocrine and toxic 






Heat stroke 








finish innirv 








Rhabdomvlosis 








Mitochondrial 
disease 








Infection 


Necrotizing fasciitis 












1 oe?CUai 


Central and 

V^vAA*A«M 

nerinheial 


Impotence secondary 
to medication 












j Liver 


hepatitis 


Viral, bacterial, 
parasitic 






Ischemic disease 








Cirrhosis, fatty liver 








Infiltrative/metabolic 
diseases 
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CeU^ tissue or 


Ifysfisnction or 
pathology 


Condition or ^ease 


Type 1 


Gastrointestinal 


Isctiemic bowel 
disease 








Inflammatory bowel 
disease 








Necrotizing 
enterocolitis 














Organ 

transplantation 


Treatmrat of donor 
and recipient 














D pTtrrifliictive 


infotility 


Vascular 
Autoimmune 
UtOTne abnormalities 
Implantation 
disorders 












Endooine 


Glandular hyper- and 
hypofiinction 







As mentioned above, &ese diseases, disoidets or conditions are merely 
Ulustrativc of the nmge of benefits provided by the Interfiaion-beta variants of the 
invention. Accordingly, this invention generaUy provides &er^>etttic or prophyl«^^ 
treatment of the consequences of mechanical trauma or of human diseases. 
Therapeutic or prophylactic treatment for diseases, disorders or conditions of the CNS 
and/or peripheral nervous system are preferred. Tberapeutic or prophylactic treatment 
for diseases, disorders or conditions which have a psychiatric component is provided. 
Therapeutic or prophylactic treatment for diseases, disorders or conditions including 
but not limited to those having an ophthalmic, cardiovascular, cardiopubnonary, 
respiratory, kidney, urinary, reproductive, gastrointestinal, endocrine, or metaboUc 
component is provided. 

m 
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Furthermoie, the invention relates to a method of making a pharmaceutical 
product for use in treatment of mammals, in particular primates, having circulating 
antibodies against interferon p 1 a, such as Avonex™ or Rebiflg). or lb. sudi as 
Betaseron®, wherein a variant as disclosed herein which has reduced reaction or no 
reaction with such circulation antiTjodies (e.g. the reaction is reduced by at least 25%, 
such as by at least 50%. and preferably by at least 75% such as about 100% (i.e. no 
reaction) is fonnnlated into an injectable or otherwise suitable formulation as further 
described above. The teim "circulating antftodies" is intended to indicate antibodies, 
in particular neutralizing antibodies, foraied in a mammal in response to having been 
treated with any of the oommenaally available IFNB preparations (Rd)i^ Betaseron, 
Avonex). 

Accordingly, in a further aspect the present invention relates to a method of 
treating stroke in a primate, preferably a human, which method comprises 
administering an effective amount of an mterferon p polypeptide having at least 70% 
identity with wildtype human interferon p. 

In a furflier aspect the present invention relates to a method of treating 
isdiemic stroke in a primate, preferably a human, which method comprises 
administering an effective amount of an interferon p polypeptide having at least 70% 
identity with wildtype human, intorferon p. 

In a further aspect the present invention relates to a method of treating 

hemorrhagic stroke in a primate, preferably a human, which mefliod comprises 

administering an effective amount of an interferon P polypeptide having at least 70% 

identity with wildtype human interferon p. 

In a further aspect the present invention relates to a method of treating 

transient ischemic attack in a primate, preferabty a human, whidi mettiod conqjrises 

administering an effective amount of an interferon p polypeptide having at least 70% 

identity with wildtype human interferon p. 

Also contemplated is use of a nucleotide sequence encoding a IFNB 

polypeptide variant as disclosed herein in gene therapy applications, hi particular, it 

may be of interest to use a nucleotide sequence encoding a polypeptide as described in 

the sections above, eg entitied "Variants with specific amino acid substitutions" or 

'•Variants whidx are fusion proteins". Hie glycosylation of the polypeptides is tiius 
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achieved during the course of the gene therapy, i.e. after expression of the nucleotide 
sequence in ihs human body. 

Gene therapy applications contemplated include treatment of those diseases in 
which flie polypeptide is expected to provide an effective therapy due to its antiviral 
activity, e.g., viral diseases, induding hq)atitis sudi as hepatitis C. and particularly 
HPV, or other infectious diseases that are responsive to IFNB or mfectious agents 
sensitive to IFNB. Furthermore, the conjugate or polypeptide for use in the invention 
may be used in the treatment of chronic inflammatory demydinating 
polyradiculoneuropathy, and of severe neootising cutaneous lesions. Also, gene 
therapy in connection with the treatment of any MS type is contemplaled. Similarly, 
this invention contemplates gene therapy ^pUcations for imraunomodulation, as well 
as in the treatment of those diseases in which IFNB is expected to provide an effective 
therapy due to its antiproliferative activity, e.g., timiors and cancers, or oflier 
conditions characterized by undesired cell proUferation, such as restenosis. A further 
description of such gene therapy is provided in WO 95/25170. 

Local deUvery of IFNB using gene therapy may provide the therapeutic agent 
to tiie target area while avoiding potential toxicity problems associated with non- 
specific administration. 

Both in vitro and in vivo gene therapy methodologies are contemplated. 
Several methods for transferring potentially therapeutic genes to defined cell 
populations are known. For further reference see, e.g.. Mulligan. 'The Basic Sdence 
Of Gene Therapy", Science, 260, pp. 926-31 (1993). These methods include: 

Direct gene transfer, e.g., as disclosed by Wolff et al., "Direct Gene transfer 
Into Mouse Muscle In vivo", Sdence 247, pp. 1465-68 (1 990); 

Liposome-mediated DNA transfer, e.g., as disclosed by Caplen et al., 
"Uposome-mediated CFTR Gene Transfer to the Nasal Epithelium Of Patients With 
Cystic Fibrosis" Nature Med., 3, pp. 39-46 (1995); Crystal, «Tlie Gene As A Dru^', 
Nature Med., 1, pp.- 15-17 (1995); Gao and Huang, "A Novd Cationic Liposome 
Reagent For EfBdent Transfection of Mammalian Cdls", Biodiem.Biophys Res. 
Comm., 179, pp. 280-85 (1991); 

Retiovirus-mcdiated DNA tiansfer, e.g., as disclosed by Kay et al., "In vivo 
Gene Therapy of HemophUia B: Sustained Partial Correction In Factor IX-Defident 
Dogs", Sdence. 262, pp. 1 17-19 (1993); Anderson, "Human Gene Therapy", Sdence, 
256,pp.808-13(1992); 
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DNA Virus-mediated DNA transfer. Sudi DNA viruses include adenoviruses 
(preferably Ad-2 or Ad-5 based vectors), hopes viruses (preferably herpes simplex 
virus based vectors), and parvoviruses (prefaably "defective" or non-autonomous 
parvovirus based vectors, more preferably adeno-assodated virus based vectors, most 
preferably AAV-l based vectors). See, e.g., AH et al., 'The Use Of DNA Viruses as 
Vectors for Gene Therapy", Gene Therw. U PP- 367-84 (1994); US 4,797,368. and 
US 5,139,941. 

The preparation of IFNB polypeptides fiar use in the invention is fiirther 
described in the following examples. The examples should not, in any manner, be 
understood as limiting the generahty of the present specification and claims. 

MATERIALS AND METHODS 

The present section is relevant for Ae parts of the disclosure relatmg to WO 01/15736 
as well as the disclosure relating to the present invention. 



Materials 

HeLa cells - (available from American Type Culture Collection (ATCQ 

ISRE-Luc (Stratageaie, La JoUa USA) 

pCDNA 3.1/hygro (Invitrogen, Carlsbad USA) 

pGL3 basic vector (Promega) 

Human g«iomic DNA (CloneTech, USA) 

DMEM medium: Dulbecco's Modified Eagle Media (DMEM), 10% fetal bovine 
serum (available ftom Life Tedmologies A/S, Copenhagen. Denmark) 



Assays 

InterfCTon Assay Outline 

It has previously been published that IFNB interacts with and activates Interferon type 
I receptors on HeLa cells. Consequently, transcription is activated at promoters 
containing an Interferon Stimulated Response Element aSRE). It is thus possible to 
screen for agonists of intoferon receptors by nse of an ISRE coupled luciferase 
reporter gene (ISRE-luc) placed in HeLa cdls. 



Primary Assay 
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HeLa ceUs are co-tiansfected with ISRE-Luc and pCDNA 3.1/hygro and fod (cell 
clones) are created by selection in DMEM media containing Hygromycin B. Cell 
clones are screened for luciferase activity in tbe presence or absence of IFNB. Those 
clones showing the highest ratio of stimulated to unstimulated hidferase activity are 

used in further assays. 

To screen muteins, 1 5,000 cells/well are seeded in 96 well culture plates and 
incubated ovanight in DMEM media. The ncsrt day mutdns as well as a known 
standard are added to the ceUs in various concentrations. TTie plates are incubated for 
6 hours at 37'C in a 5% CO2 air atmosphere. Lud-ite substrate (Packard Biosdence. 
Groningen The Netherlands ) is subsequently added to each wdl. Plates are sealed 
and luminescence measured on a TopCount lummometer (Padcard) in SPC (single 
photon counting) mode. Each individual plate contains wdls incubated with IFNB as 
a stimulated control and other wells containing nonnal media as an unstimulated 
control. The ratio between stimulated and unstimulated ludferase activity serves as an 
internal standard for bolh mutdn activity and experiment-to-experiment variation. 

Secondary Assay 

Cunently, there are 1 8 non-allelic interferon a genes and one IFNB gene. 
These protems exhibit overlapping activities and thus it is critical to ensure that 
muteins retain flie sdectivity and spedficity of IFNB. 

The p-Rl gaie is activated by IFNB but not by other interferons. The 
transdption of P-Rl thus serves as a second marker of IFNB activation and is used to 

ensure that mutdns retain IFNB activity. A 300 bp promoter fiagment of p-Rl shown 
to drive interferon sensitive transcription (Rani. M.R. et al (1996) JBCVJt 22878- 
22884) was isolated by PGR fiom human genomic DNA and inserted into the pGL3 
basic vector (Promega). The resulting p-Rl tludferase gene is used in assays sdmilar to 
the primary assay described above. In astro<?ytoma cells, the resulting P-Rl:ludfi5rase 
gene has been described to show 250 fold higher sensitivity to IFNB than to interferon 
a (Rani et al. op cit). 

EMSA assay 

The concentration of IFNB is quantitated by use of a commerdal sandwich 
immunoassay (PBL Biomedical Laboratories, New Brunswick, NJ, USA). The kit is 
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based on an EUSA with monoclonal mouse anti-IFN-p antibodies for catching and 
detection of IFN-P in test samples. Hie detecting antibody is conjugated to biotin. 

Tests samples and recombinant human IFN-P standard are added in 0.1 mL in 
concentrations ftom 10-0.25 ng^mL to nrfcrotiter plates, precoated with catching 
antibody. The plates are incubated at RT for 1 hr. Samples and standard are diluted in 
kit dilution bufTor. 

The plates are washed in flie kit bufiBer and incubated with the Wotinylated 
detecting antibody in 0,1 mL for 1 hr at RT. After anotiier wash the sttcptavidin- 
horseradishperoxidase conjugate is added in 0.1 mL and incubated for 1 hr at RT. 

The reaction is visualised by addition of 0.1 mL Tetramethylbenzidine (TMB) 
substrate chromogen. The plates are incubated for 1 5 minutes in the dark at RT and 
the reaction is stopped by addition of stop solution. The absoibanse is read at 450nm 
using an ELIS A reader. 

Receptor binding assay 

The receptor binding capability of a polypeptide or conjugate for use in the 
invention can be deteraiined using the assay described in WO 95/25170 entitled 
"Analysis Of IFN-P(Pheioi) For Receptor Binding"(which is based on Daudi or A549 
cells). Sohible domains of IFNARl and IFNAR2 can be obtained essentially as 
described by Aiduini et al. Protein Science, 1999, vol. 8, 1867-1877 or as described in 
Example 9 herdn. 

Alternatively, the receptor binding capability is determined using a 
crossUnkmg agent such as disuccinimidyl suberate (DSS) available from Pierce. 
Rockford, IL, USA as follows: 

The polypq)tide or conjugate is incubated with soluble IFNAR-2 receptor in 
the presence or absence of DSS in accordance with the manufiicturer's instructions. 
Samples are separated by SDS-PAGE, and a western blot usmg anti-IFNB or anti- 
IFNAR2 antibodies is performed. The presence of a fimctional IFNB 
polypeptide/conjugate: receptor interaction is apparent by an increase in the molecular 
size of receptor and IFNB in flie presence of DSS. 

Furthermore, a crosslinking assay using a polypeptide or conjugate for use in 
the invention and both receptor subunits (IFNAR-1 and IFNAR-2) can establish 
toterferon receptor 1 binding ability. In this comiection it has been published that 
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IFNAR-1 binds only aftra- an interferon p: IFNAR-2 complex is fonned (Mogensen et 
al.. Journal of Interferon and Cytokine Research, 19:1069-1098, 1999). 

In vftro immunogenicity tests of interferon P corrugates 

Reduced immonogoiicity of a oonju^ or polyp^tide fior use in 
invention is detennined by use of an EUSA method measuring Ihe immunoreactivity 
of the conjugate or polypeptide relative to a referwice molecule <x prq)aration. The 
refoence molecule or {n^qMuation is normally a recombinant human DFNB prqiaration 
such as Avonex, Rebif or Betaseron, or another recombinant human IFNB preparation 
produced by a method equivalent to tiie way these products are made. The EUSA 
method is based on antibodies fiom patioits treated with one of tiiese recombinant 
IFNB preparations. The immunograicity is considered to be reduced whai the 
conjugate or polypeptide of the invention has a statistically significant lower response 
in the assay than the refer«ice molecule or preparation. 

Another mettiod of determining immunogenicity is by use of sera from 
patients treated with IFNB (i.e. any commercial IFNB product) in an analogous 
manner to that described by Ross et al. J. Clin Invest. 95, 1974-78, 1995. In the 
antiviral neutralisation bioassay reduced immunogenicity results in reduced inhibition 
of a conjugate for use in the invention by patient sera compared to a wt IFNB 
reference molecule. Furtiiermore, in tiie biochemical IFN binding assay a less 
immunogenic conjugate is expected to bind to patient IgG to a lesser extent tiian 
reference IFNB molecules. 

For the neutralisation assay, ttie reference and conjugate molecules are added 
in a concentration fliat produce approximately 80% virus protection in tiie antiviral 
neutralisation bioassay. The IFNB protdns are mixed wifli pati«it swa in various 
dihitions (starting at 1 :20). 

Antiviral activity 

The antiviral bioassay is performed using A549 cells (CCL 185, American 
tissue culture collection) and aicephalomyocarditis (EMQ virus CVR-129B, 
American tissue culture collection). 

The celb ate seeded in 96 well tissue culture plates at a concentrati<m of 
10,000 cellsAvell and incubated at ZTC in a 5% CQ2 air atinosphere. A polypeptide 
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or conjugate for use in the invention is added in concentrations from 100-0.0001 
lU/mL in a total of lOOjil DMEM medium containing fetal calf serum and antibiotics. 

After 24 hours the medium is removed and 0.1 mL fresh medhim containing 
EMC virus is added to each well. The EMC virus is added in a concentration that 
causes 100% ceU death in IFN-P free cdl cultures after 24 hours. 

After anothw 24 hrs, flie antiviral eflfect of flie polypeptide or conjugate is 
measured using the WST-1 assay. 0.01 mLWST-1 (WST-l cell proliferation agent, 
Roche Diagnostics GmbH, Mannheim. Germany) is added to 0.1 mL culture and 
incubated for Vi-2 hours at 37>C in a 5% CCb air atmosphere The cleavage of the 
tetrazolium salt WST-1 by mitochondrial dehydrogenases in viable cells results in flie 
formation of foimazan that is quantified by measuring the absoibance at 450 ran. 

Neutralisation of activity in Interferon Stimulated Response Element (ISRE) assqy 
The IFNB neutralising effect of anti-IFNB sera are analysed using the ISRE- 

Ludferase activity assay. 

Sera fiom IFNB treated patients or from immunised animals are used. Sera are 
added either in a fixed concentration (dilution 1 :20-l :500 (pt sera) or 20-600 ng/mL 
(animal sera)) or in five-fold serial dilutions of sera starting at 1/20 (pt sera) or 600 
ng/mL (animal sera). IFNB is added either in five fold-dilutions starting at 25.000 
lU/mL or in a fixed concentration (0.1-10 lU/mL) in a total volume of 80^1 DMEM 
medium + 10% PCS. The sera are incubated for 1 hr. at 37»C with IFN-p. 

The samples are then transferred to 96 well tissue culture plates containing 
HeLa cells transfected with ISRE-Luc grown fiom 24 his before (15.000 cells/well) in 
DMEM media. The cultures are incubated for 6 hours at 37*C in a 5% CO2 air 
atmo^here. LucLite substrate (Packard Biosdence, Gronhigen, The Netherlands) is 
subsequently added to each well. Plates are sealed and luminescence measured on a 
TopCount luminometer (Packard) in SPC (single photon counting) mode. 

When IFNB samples are titrated in the presence of a fixed amount of serum, 
the neutiaKsing effect was defined as fold inhibition (FI) quantified as EC50(w. 
serum)/EC50 (w/o serum). The reduction of antibody neutralisation of IFNB variant 
protons is defined as 



FI variant 
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Biological half-m measurement of a PEG -JFNB corgu&Oe or glycosylated IFNB 
variants 

Measurement of biological half-Ufe can be earned out in a number of ways 
described in Ac literature. One method is described by Munafo et al (European 
Jonmal of Neurology 1998, vol 5 No2 p 187-193), who used an EUSA method to 
detect serum levels of IFNB after subcutaneous and intramuscular admimstratian of 
IFNB. 

The ra^rid decrease of IFNB serum concentrations after i.v. administration has 
made it important to evaluate biological responses to IFNB treatment However it is 
contemplated that the conjugates fiw use in the present invention will have prolonged 
serum half lifes also after i.v. administration making it possible to measure by e.g. an 
EUSA method or by the primary screening assay. 

Different pharmacodynamic markers (e.g. swum ne»q)terin and beta2 
microglobulin) have also been studied (Clin Drug Invest (1999) I8(l):27-34). These 
can equally well be used to evaluate prolonged biological effect. These experiments 
may also be carried out in suitable animal species, e.g. rats. 

Assays to assess the biological effects of IFNB such as antiviral, 
antiproliferative and immunomodulatory effects (as described m e.g. Annals of 
Neurology 1995 vol 37 No 1 p 7-1 5) can be used together with the primary and 
secondary screening assays described herein to evaluate the biological efficacy of the 
conjugate in comparison to wild type IFNB. 

T%e folloMt^g prtmat study may be used to establish efficacy of the IFNB 
pofypeptides or corrugates in ihe treatment of ischemic stroke. 

A study in primates investigating the neuropiotecitve properties of human 
interferon p (as weU as interferon p polypeptide having at least 70% identity with 
wildtype human mterfeton P) in ischemic stroke is designed. It is important to 
investigate the protective effects of interferon P when admmistered prior to surgery, 
upon reperfiision and after stroke onset Lesion size can be assessed usmg NMR. The 
endpoint is reduction of lesion size conq)ared to a placebo control group. 
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EXAMPLE 1(= Example 1 of WO 01/15736) 

Design of an aq>ression cassette for expression oflFNB in mammalian and insect 
cells 

The DNA sequence, GenBank accession number M28622 (shown in SEQ ID 
NO 1), encompassing a fiiU laigth cDNA encoding human IFNB wifli its native signal 
peptide, was modified in order to facilitate high expression in mammalian ceUs. First 
the ATG start oodon context was modified according to flie Kozak consensus 
sequence (Kozak, M. JMolBiol 1987 Aug 20;196(4):947-50), such that there is a 
perfect maldi to the consensus sequence iqwtream of the ATG start codon. Secondly 
the codons of the native human IFNB was modified by making a bias in the codon 
usage towards the codons fiequently used in highly expressed human genes. 
Subsequently, certain nucleotides in &e sequence were substituted with ofliers in 
order to introduce recognition sites for DNA restriction endonucleases (flus allows for 
easier modification of the DNA sequence later). Primers were designed such that the 
gene could be synthesised: 
CBProFprl: 

S'GGCTAGCGTTTAAACTTAAGCTTCGCCACCATGACCAACAAGTGCCTGC 

TCCAGATCGCCCTGCTCCTGT-3', 
CBProFprQ.: 

5'ACAACCTGCTCGGCTTCCTGCAGAGGAGTTCGAACTTCCAGTGCCAGAA 

GCTCCTGTGGCAGCTGAACGG-3', 

CBProFprS: 

S'GAACTTCGACATCCCCGAGGAAATCAAGCAGCTGCAGCAGTTCCAGAA 

GGAGGACGCCGCTCTGACCATC-3', 

CBProFpr4 

S'TTCCGCCAGGACTCCAGCTCCACCGGTTGGAACGAGACCATCGTGGAGA 

ACCrGCTGGCCAACGTGTACC-3', 

CBProFprS 

S^AQGAGAAGCTGGAGAAOGAGGACnCACCCGCQGCAAQCTGATGAGCr 

CCCTGCACXrrGAAGCGCTACTA-3', 

CBProFpr6 

5'GGACyrACAGCCACTGCGCCTGGACCATCGTACGCGTGGAGATCCTGCGC 
AACTTCTACTrCATCAACCGC-3*, 
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CBProFpr9 

S'CACCACACTGGACTAGTGGATCCTTATCAGTrGCGCAGGTAGCCGGTCA 

GGCGGTrOATGAAGTAGAAGT-3', 

CBProFprlO 

5»AGGCGCAGTGGCTGTACTCCnTGGCCrrCAGGTAGTGCAGGATGCGGCC 

ATAGTAGCGCTTCAGGTGCAG-3*, 

CBProFprll 

S'CrCCTKJrCCAGCTTCTCCTCCAGCACGGTCTrCAGGTGGTTGATCT^ 

GGTACACGTrGGCCAGCAGG-3% 

CBProFprll 

5'GAGCTGGAGTCCTGGCGGAAGATGGCGAAGATGTTCTGCAGCATCTCGT 

AGATGGTCAGAGCGGCGTCCT-3', 

CBProFprlS 

S'CCTCGGGGATGTCGAAGTTCATCCTGTOTTCAGGCAGTACrcC^^ 

CCCGTTCAGCTGCCACAGGAG-3', 

CBProFprM 

S'CAGGAAGCCXSAGCAGGTTGTAGCTCATCGATAGGGCCGTGGTGCTGAA 
GCACAGGAGCAGGGCGATCTGG-3', 

The primers were assembled to the synthetic gaie by one step PGR using 
Platinum Pfic- polymerase kit (Life Technolo^es) and standard three stq) PGR 
cycling parameters. ITie assembled gene was amplified by PGR vising the same 
conditions. 

A cDNA encoding a N-terminal extended form of human IFNB was 
synthesised using the same PGR conditions as described above but wifli the primers 
GBProFprl and -14 substituted with the primers: 
CBProFpr? 

S'GTGGTGGAGATGGGCCTGGTGGTGTGGTTGAGGAGGACGGCGGTATGGAT 

GAAGGAGGAGGAGGAGGATG-3', 

CBProFprS 

S'CAGTGGTTAGTGGGTTATGGAAAlTAATAGGAGTGACrATAGGGAGAGG 

CAAGGTGGCrAGGGTTTAAAC-3% 

CBProFprlS 

S'CAGGAAGGGGAGGAGGTTGTAGCTCATCTGTTGGTGTTGATGTTGGTGG 
TGATGCrGGTGGTGGTGGTTC-3% 
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CBProI^16 

S'AGCTlGGGCXSATCTGGAGCAGGCACTrGTrGGTCATGGTGGCGAAGCTrA 
AGTTTAAACGCrAGCCAGCTT-3% 

in order to incoipOTate a purification TAG in &e IFNB molecule. 

The synthesised genes were cloned into pcDNA3.1/Hygro (Invitrogen) 
between the Hinem site at the 5' end and the Banim at the 3', resulting in pCBProFl 
and pCBProF2. 

The ^tfaetic intron firan pCI-Neo (Promega) was amplified uang standard 
PGR conditions as desaibed above and tiie primers: 

CBProFpr37 S'-CCGTCAGATCCTAGGCTAGCTrATTGCGGTAGnTATCAC- 
3% 

CBProFpr38 5'-GAGCTCGGTACCAAOCrnTAAGAGCrGTAAT-3% 
resulting in a 332 bp PGR fiagment which was cut with Nhel and JK/nffll and inserted 
in the 5*UTR of the plasmids pCBProFl and pCBProF2 resulting in pCBProF4 and 
pCBProFS. 

Codons for individual amino acids wctc changed by amplifying relevant 
regions of the coding region by PCR in such a way that the PGR introduced changes 
in the sequence can be introduced in the ^ression plasmids by classical cloning 
techniques. E.g. the primes: 
Lys45arg-5 'primer (Narl/KasI): 

S'GCTGAACGGGCGCCTGGAGTACTGCCTGAAGGACAGGATGAACTTCGA 

CATCCCCGAGGAAATCCGCCAGCTGCAGC-3', 

Lys45mut-3 'primer (BsWl): 

5'TCTCCACGCGTACGATGGTCCAGGCGCAGTGGCTG-3', 
werensed to introduce a K45R substitution in the PCR-firagment spanning tiie region 
from position 1055 to 1243 inpCBProFl. Both the PCR fragment and pCBProFl was 
cut witii Narl and BsiWI which are bofli uniqae. The PCR fragment and tiie vector 
backbone of pCBPtoFl are purified and ligated resulting in substitution of the Lys45 
codon AAG with flie Arg codon CGC in pCBProFl . 

Furthomore, SOE (sequence overhang extension) PCR was used for 
introduction of amino acid substitutions. In tiie SOE-PCR botfi tfie N-terrainal part 
and tiie C-traininal part of tiie INFB molecule were first amplified in individual 
primary PCRs. 
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For these primary PCRs the central complementary primers were synthesised 
such that the codon(s) for the amino acid(s) to be substituted is/are changed to the 
desired codon(s). The tmninal primere w^e standard primers defining the N- and C- 
terminal of the INpp molecule respectively. Further the terminal primers provided a 
restriction enzyme site enabling subsequent cloning of the full-length PGR product 
Thus, the central (nonsense) primer and the N-terminal (sense) primer were used to 
amplify the N-tCTninal part of the INPp coding region in one of the primary PCRs 
and equivalently for the C-terminal part. Once amplified the N- and C-temunal parts 
are assembled into fiie fiill-lmgfii product in a secondary PGR and cloned into a 
modified version of pCDNA3.1>Hygro as described above. For instance, the 
following primers were used to introduce the mutations for the substitutions Fl 1 IN 
andRllST: 

CBProFprimer9(Seme): 

CACCACACTG6ACTAGT GGATCCT TATCAGTTGCGCAGGTAGCCG6TCAGGCGGTTG 

ATG AAGTAGAAGT, 

CBProFprimer231{Asiidsesis€): 

CATCAGCTTGCCGGTGGTGTTGTCCTCCTTC, 

CBProFprimer230 (Sense): 

GAAGGAGGACAACACCACCGGCAAGCTGATG, 

CBProFprimer42 (Antisense): 

CACACTGGACTAGTAAGCTTTTATCAGTTGCGCAGGTAGCV 

Furthermore, in cases where the introduced mutation(s) were sufficiently close 
to a tmique restriction endo-nuclease site in the expression plasmid variant genes were 
constructed using construction procedure encompassing a single PGR step and a 
subsequent cloning. For instance, the substitution K19R was introduced by use of the 
PGR primer: 
CBProFprSS: 

GAGGAGTTCGAACTTCCAGTGCCAGCGCCTCCTGTGGCAGCTGAACG, and 
GBProFprimer9: 

The PGR product was subsequ^tly cloned using the restriction endo-nuclease 
sites BsiWL and ^^^BI. 



EXAMPLE 2 (^Example 5 of WO 01/15736) 
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Construction and expression oflFNB variant mth one introduced glycosylation site 
Jn order to insert an extra N-linked glycosylation site at position 1 11 in hlNF- 
P, the synthetic g«ie (hijtf-P) encoding hlNF-p (described in example 1) was altered 
by site-directed PCR mutagenesis. Using BIO-X- ACT (Bioline, UK) and the plasmid 
PF050 [Ai>i/-iS)/pd5NA3.1(-)Hygro/Intron (a derivative of pcDNA3.I(-)Hygro 
(iHvitrogen, USA) in whidi a chimeric intron obtained fiom pCI-neo (Promega, USA) 
had been inserted between flie B amHI and Nhel sites in the MCS of the vector] as 
template, two PCR reactions were performed with two overtyping primer-sets [CB41 
(5'-TTTAAACTGGATCCAGCCACCATGACCAACAAG-3') 

/CB55 (5'-CGGCCATAGT 

AGCGCTTCAGGTGCAGGGAGCrCATCAGCrrGCCGGTGGTGTTGTCCTCCT 
TC-3') andCB42/CBS<J(5'- 

GAAGGAGGACAACACCACCGGCAAGCTGATGAGCTCCCTGCACCTGAAG 
CGCTACTATGGCC G-3') resulting in two ftagments of 446 and 184 base pairs, 
respectively. These two fragments were assembled in a third PCR with the flanking 
primers CB41 and CB42. The resulting gene was inserted into the mammaUan 
expression vector pcDNA3.1(.)Hygro/Intron and confirmed by DNA sequencing to 
have the correct base changes leading to the substitutions FlllNandRllSTinhlNF- 
P (plasmid designated PF08S). 

To test flie activity of the [Fll 1N+ R113T]hINI^-P variant, PF085 was 
transfected into the CHOKl ceniine(ATCC#CCL-61)byuseof Lipofectamine 
2000 (Ufe Technologies, USA) as transfection agent 24 hours later the culture 
medium was harvested and assayed for INF-P activity/concentration: 

Activity: 56046 lU/ml [prunary assay] 

ELISA: 80ng/ml 

Specific activity. TxlO'lU/mg 
As seen, the [Fl 1 IN+Rl 13T]hINF-P variant has a very high specific 
activity, about twice the specific activity of wt hINF-p. 
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EXAMPLE 3 (= Example 6 of WO 01/15736) 

r.«.tr,.ntinn a«B ^^^inn nflFm with another intTodwf^ ylycosylaaon site 
fn49N+05m 

Analogpudy to what is described in Example 5 of WO 01/1 5736 an 
extra N-linked glyoosylation site was introduced in position 49 by means of the 
substitutions Q49N and Q51T. Using PF043 (W»/-^/i»cDNA3.1 (Invitiogen. USA)) 
as template, two PCR reactions were perfisimed with two overlappmg primer-sets 
[PBR7] /PBR78 (5'- GGCCnx;CTCCTrGGTGAAGTrCTGCAGCTG-3') and PBR8 
(5'. ATATATCCCAAGCTnTATCAGITGCC5CAC3GTAGCCGGT-3') /PBR77 
(5'. CAGCTGCAGAACTTCACCAAGGAGGACGCC-30 resulting in two 
fragments of 228 and 369 base pairs, respectively. These two fragments were 
assembled in a third PCR witii tiie flanking primers PBR7 and PBR8. The resulting 
gene was inserted into the mammaUan expression vector pcDNA3.1(-)Hygro/Intron 
and confirmed by DNA sequencing to have the correct base changes leading to 
[Q49N,Q51T]hINF-p (plasmid designated PF104). 

To test the activity of the [Q49N+Q51T]hINF-P variant, PF104 was 
trans&cted mto flie CHO Kl cell line by use of Lipofectamine 2000 (Life 
Technologies. USA) as transfection agent 24 hours later the culture medium was 
harvested and assayed for INF-P activity/concentration: 

Activity: 17639 lU/ml [primary assay] 

ELISA: lOng/ml 

Specific activity: 1.7x10* lU/mg 

As observed here the [Q49N+Q51TlhINIl-P variant has a high specific 
activity. This may be due to poor recognition by one of the monoclonal antibodies 
used in the ELISA. 



EXAMPLE 4 (^Example 7 of WO 01/15736) 



Construction and egression oflFNB with two introduced gfycosylation 



0256dkllO ^ 

The additional glyoosylation sites described in Examples 5 and 6 of WO 01/1 5736 
were introduced into human IFNB by means of the substitutions Q49N, Q51T, 

FlllN,andR113T. 

Using PF085 (described in example 5 of WO 01/15736) as template, two PGR 
reactions were performed with two overlapping piimer-sets [PBR89 
(5'CGCGGATCCAGCCACCATCSACCAACAAC3TGCCrGy 
PBR78 and PBR8/PBR77] resulting in two fragments of 228 and 369 base pairs, 
re^ectively. 

These two fragments were assembled in a liiiid PGR wifli the flanking primeis 
PBR89 and PBR8. The resulting gene was inswted into the mammaUan expression 
vector pcDNA3.1(-)Hygro/Intron and confirmed by sequencing to have the correct 
base changes leading to [Q49N. Q51T, Fl UN, R113T1 hINF-P (plasmid designated 
PF123). 

PF123 was transfected into CHO Kl cells by use of Fugene 6 (Roche) as 
transfection agent 24 hours later the culture medium was harvested and assayed for 
INF-P activity/concentration: 

Activity: 29401 lU/ml [primary assay] 

ELISA: 14ng/ml 
Specific activity: 2.1x10' lU/ml 
As observed here the [Q49N+Q51T+ Fl 1 1N+ Rl 13T]hINI<-P variant 

also has a hi^ specific activity. 

The variant was found to have receptor binding activity in the receptor binding 
assay described in the Materials and Mefliods section, which is based on the use of the 
crosslinking agent DSS. 

EXAMPLE 5 (Exani«>le 8 of WO 01/15736) 

Production offQ49N+ Q51T+ F1J1N+ R113T]IFNB glyoosylation variant in Roller 
Bottles 

A GHOKl sub-clone (5/G-lO) producing the [Q49N+Q51T+F1 1 IN+Rl 13T] 
glyoosylation variant was seeded mto 2 roller bottles, eadi with an expanded surface 
of 1700 cm^ (Coming, USA), in 200 ml DMEM/F-12 medium (UfeTechnologies; 
Gat. # 3 1 330) supplemented with 10% FBS and penicillm/streptomydn (P/S). After 2 
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days the medium was exchanged. After another 2 days the two roller bottles were 
nearly 100% confluent and the medium was shifted to 300 ml serum-free UltraCHO 
medium (BioWhittaker, Cat # 12-724) supplemented with 1/500 EX-CYTE 
(Serologicals Protdns; Cat. # 81 129N) and P/S. Growing the cells in this medium 
promotes a higher cdl mass, hi^er flian can be achieved in the serum contaming 
medium. After 2 days the medium was renewed. After another 2 days the medium 
was shifted to the production medhim: DMEM/F-12 medium (Life Tedmologies; Cat 
# 21041) supplemented with 1/100 ITSA (life Tedmologies; Cat # 51300-044) 
[TTSA stands fin- jtosulin (1.0 g^) -Transferrin (0.55 gfL) -Seleraum (0.67 mg/L) 
supplement fi)r Adherent cultures], 1/500 EC-CYTE and P/S. The harvested media 
from the two roller botfles were pooled before a medium sample was taken out for 
BFNB activity determination. 

EXAMPLE 6 (Example 9 of WO 01/15736) 

Production, purification, and PEGylation of the IFNB variant K19R+ K45R+ KJ23R 

To end up with 100 ml serum-free medium containing the IFNB variant 
K19R+K45R+K123R, 3 T-175 flasks were seeded with COS-7 cells in DMEM 
medhjm (Life technologies; Cat # 21969-035) supplemented with 10% FBS plus 
Glutamine and penicillin/streptomycin. On the day of transfection (at nearly 100% 
confluency) the medium was renewed with 30 ml fresh medium 4-5 hours before the 
transfection. To prepare the transfection, 1 890 ^1 DMEM medium without 
supplements was aliquoted mto a 14 ml polypropylene tube (Coming). 210 pi Fugene 
6 (Rodie) was added direcfly into the medium and incubated for 5 min at RT. In the 
meantime 168 ngplasmidDNA(IK19R,K45R,K123R]INF.p/pcDNA3.1(-)Hygro; 
PF #161) was aliquoted into another 14 ml polypropylene tube. After 5 min 
incubation the Fugene 6 mix was added directly to the DNA solution and incubated 
for 1 5 min at RT. After incubation about 700 \x\ was added drop wise to each of flie 
three cell media. 

Next day the transfection medium was substituted with 35 ml serum-fice 
production medium. The serum-fiee medium is based on DMEM medium (Life 
Technologies; Cat. #31053-028) supplemented vwth Glutamine, Sodium Pyruvate, 
penicillin/streptomycin, 1% ITSA (Life Technologies; Cat. # 51300-044), and 0.2% 
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Ex-Cyte (Serologicals Piotdns; Cat # 81-129). Before the production medium was 
added the cell layers were washed two times in the DMEM medium without additives. 

Hiree days post-transfection the 100 ml serum-fiee medium was harvested for 
purification airf PEGylation of the IFNB variant. 

pH was adjusted to 6. 8 and conductivity adjusted tx>< 1 0 mS/cm with Milli Q 
water. Then the broth was batdi adsorbed to 1 ml SP 550 cation exchange resin 
(TosoHaas)preequiUbrated wifli buffer A(20mM phosphate, lOOmMNaapHT). 
After 2 h rotation end over end, the resin was allowed to sediment and transfiared to a 
column. The resin was washed with 5 column volumes buffer A and eluted with 2 ml 
buffers (20 mM phosphate, 800 mMNaCl. pH 7). Hie eluate was concentrated to 
500 ul on VivaSpin (cutoff 10 kDa) after addition of 5 % ethyleneglycol. The 
concentrate was adjusted to 50 mM phosphate, 0.3 M NaCl. 20 % ethyleneglycol. pH 
8 in a final volume of 2 ml and further concentrated to 0.5 ml. 

The final concentrate was PEGylated as follows: to 100 ul of Ac final 
concentrate, 25 ul of activated mPEG-SPA (5000 kDa, Shearwater, Alabama) fieshly 
prepared in phosphate buffer, pH 8 were added to make final concentrations of 
activated PEG of 0, 5, 10, 25 or 50 mg/ml. The reaction was allowed to proceed for 
30 min at room temperature and then quenched by addition of 50 mM glycine buffer. 
Samples were frozen immediately at -«0'C and bioactivity was measured as 
described (Primary Assay). Western blots of each sample were performed in order to 
evaluate &e amount of unreacted IFNB variant present in the PEGylated sample. 

Results demonstrate that at 25 mg activated PEG/ml, nonPEGylated IFNB 
variant was absent as judged by western blot and the variant retained 50 % of its 
bioactivity compared to the control sample (treated identically, but with 0 mg/ml 
activated PEG). 

EXAMPLE? 

Variants having increased carbonate attachment at position 49 
The inserted N-linked glycosylation site at position 49 in the INFB variant [Q49N, 
Q51T] described in Example 6 of WO 01/15736 is used only about 60%. In order to 
increase the amount of attached carbohydrate the glutamine residue at position 48 was 
hanged with phenylalanine (Q48F), valine (Q48V), and tryptophan (Q48W) by 
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sito-directed PGR mutagenesis. Using BIO-X-ACT (Bioline. UK) and PF185 (PF185 
contains the same cDNA sequence as PF104. described in example 6. despite the fact 
that a Kozak sequence has been inserted in fiont of (he start ATG) as template. PGR 
reactions were perfonned with overlapping primer-sets: 

(>ARF n49N.051T 

PBR89 (5'CGCGGATCCAGCCACCATGACX:AACAAGTGCCTG)/PBR148 
(S'GTCCrccrrGGTGAAGTTGAACAGCTGCrT) and PBR8 ((5'- 
ATATATCCCAAGCmTATCAGTroCGCAGGTAGCCGGT-S'))/ PBR147 
(5'AAGCAGCTGTTCAACITCACCAAGGAGGAC) 

f)ARV , 049N. 051T 

PBR89 (5'CGCGGATCCAGCCACCATGACCAACAAGTGCCTG) /PBR150 
(S'GTCCTCCTTGGTGAAGTTCACCAGCTGCTD and PBR8 /PBRI49 
(S'AAGCAGCTGGTGAACTTCACCAAGGAGGAC) 

r>4«w. 049N. OSIT 

PBR89 (5'CGCGGATCCAGCCACCATGACCAACAAGTGCCTG) /PBR152 
(S'GTCCTCCTTGGTGAAGTTCCACAGCTGCTT) and PBR8 /PBR151 
(S^AAGCAGCTGTGGAACTTCACCAAG GAGGAC) 

The fragments were assembled in PGR reactions with the flanking primers PBR89 
and PBR8. The resulting genes were inserted into the mammalian expression vector 
pcDNA3.1 (-)Hygro/Intion and confirmed by sequencing to have the correct base 
changes leading to [Q48F, Q49N, Q51T1 hINF-P (plasmid designated PF305), 
[Q48V, Q49N, Q51T]hINF-p (plasmid designated PF306), and [Q48W, Q49N. 
Q5lTIhINF-P (plasmid deagnated PF307), respectively. 

PF305, PF306, PF307, and PF185 (encoding [Q49N, Q51T]hINF-P) were tiansfected 
into CHO Kl cells by use of Fugene 6 (Rodie) as transfection agent. 24 hours later 
the culture medium was harvested and assayed for INF-P activity: 

PF185 134713 lUAnl 

PF305 53122 lU/ml 

PF306 65949 lU/ml 
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PFSOT 45076 lUAnl 

In Older to evaluate &e amount of attached carbohydrate in the three new 
glyco-sylation variants a Western blot was performed with equal amount of activity in 
each lane. As was seen the amino acid exdianges (Q48F. Q48V. Q48W) in front of 
the introduced glycosylation site (Q49N. Q51T) all leads to an increased amount of 

fully glycosylated matoial. 

In another experiment it was seen that insertion of especially tyrosine in 
position 48 lead to an increased amount of attached carbohydrate to Ae inserted N- 
linked glycosylation ate in position 49. 

EXAMPLES 

Varimts having increased carbohydrate attachment at position 11 J 

The inserted N4inked glycosylation site at position 111 inthe INFB variant [FlllN. 
Rl 13T] described in Example 5 of WO 01/15736 is used only about 50%. In order to 
increase ti»e amount of attached carbohydrate the aspartic acid residue at position 110 
was exchanged with phenylalanine (Dl lOF) and valine (Dl lOV) by site^ed PGR 
mutagenesis. Using BIO-X-ACT (Bioline. UK) and PF085 (described in Example 5 
of WO 01/15736) as template, PGR reactions were performed witii overlapping 
primer-sets: 



ni^ny Fimsr.R113T 
PBR89(5 
(5' 

(GAGAAGGAGTTCAACAGCAGCGGCAAG GTG) 



GGCGGATCCAGCCACCATGACCAACAAGTGCCTG) /PBR154 
CAGdTGCCGGTGGTGTTGAACTCCTTCTC) and PBR8 /PBR153 



'CGGGGATCCAGGGACGATGAGGAACAAGTGCGTG) /PBR156 



n |inv F111N.R113T 
PBR89(5'< 

(S'CAGCITGGCGG'KKSTGTrCAGCTCCrrcrC) and PBR 8 /PBR 155 
(5'GAQAAGGAGGTGAACAGGAGCGGCAAGCTG) 

•me fragments were assembled in PGR reactions with the flanking primers 
PBR89 and PBR8. Tlie resulting genes wer« inserted into tiie mammalian expression 
vector PCDNA3.1 (-)HygroAntron and confirmed by sequencing to have tiie correct 
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base changes leading to [Dl lOF, Fl 1 IN, Rl 13T]hINF-P (plasmid designated PF308) 
and pi lOV, FlUN, Rl 13T]hINF-P (plasmid designated PF309). respectively. 

PF308, PF309 and PF085 (encoding [Fll IN, Rl 13T,]hINF-P) were 
transfected into CHO Kl cells by use of Fugene 6 (Rodie) as transfection agent 24 
hours later the culture medium was harvested and assayed for INF-P activity: 

PF085 58615 lU/ml 

PF308 50900 lU/ml 

PF309 15063 lU/ml 

In order to evaluate the amount of attached carbohydrate in the two new 
glycosylation variants a Western blot was perfonned with equal amount of activity in 
each lane. As was seen the amino acid exchanges (Dl lOF and Dl lOV) in fiont of the 
introduced glycosylation site (Fl 1 IN, Rl 13T) both leads to a significantly increased 
amount of fidly glycoq^lated mataial. 

In anoflier experiment it was seen that insertion of especially tyrosine in 
position 110 lead to an increased amount of attached carbohydrate to the inserted N- 
linked glycosylation dte in position 111. 

EXAMPLE 9 

Separation of WNS polyp^tide gfycofoms 

Hydroxyapatite dnomatogtaphy is an efficient means for separation of IFNB 
glycoforms and e.g. obtain glycoforms with fidly utilized glycosylation sites. This is 
illustrated in the present example. 

The IFNB variant [Q49N+ Q51T+F1 1 IN+Rl 13TI produced as described in 
Example 8 of WO 01/15736 was purified hi a three-step procedure: 

The harvested media from roller bottles was centrifuged and filtered through a 
0.22 urn filter (PVDF). The filtrated media was diafiltrated on a Vivaflow 200 system 
equipped with a polyethersulfon membrane witii cut off 1 0000 and appUed to a S- 
Sepharose column (Pharmacia) equilibrated with 50 mM sodium acetate. 50 mM 
sodium chloride, pH 5.5. The interferon variant bound to the column was eluted with 
50 mM sodium acetate, 0.5 M sodium chloride, pH 5.5. The concentration of sodium 
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chloride in the duate fiom the S-Sepharose column was adjusted to 1 .0 M and the 
sample was applied on a Phen^^-Sepharose High Performance cohimn (Pharmacia) 
ecpiiUbrated with 50 mM sodium acetate. 1 .0 M sodium chloride, pH 5.5. Following 
application the column was washed withMiUi Q water. The IFNB variant was eluted 
with a gradient fiom MilU Q water to 60% ethylene glycol, 50 mM sodium acetate, 
pH 5.5 in 30 column volumes. Fractions containing fiiUy glycosylated IFNB variant 
were collected and the buffer in the eluale was dianged to 1 5 mM sodium phosphate 
buffer, pH 7.2. The sample was appUed on a hydroxy^atite column (CHT n , 
Ceramic hydroxyapatite, Type n, Biorad) equilibrated with 15 mM sodium 
phosphate. The fuUy glycosylated form passed thiougji the column whereas the 
underglycosylated form wth one extra site used bound to tiie column and was eluted 
with a linear sodium phosphate gradient from 1 5 mM to 200 mM in 20 column 
volumes. 

The purity of fully glycosylated [Q49N+ Q51T+F111N+-RU3T] IFNB was 
judged to be higher than 95% based on SDS-PAGE. 

EXAMPLE 10 

PEGylation of IFNB with introduced gfycosylation sites 

A fresh stock solution of SCM-PEG (succinimidyl ester of carboxymethylated PEG 
from Shearwater, Alabama. 5 kDa or 12 kDa) was prepared in methanol before each 
experiment. 

100 microUter of a 0.3 mg/ml solution of the glycovariant [Q49N+ 
Q51T+F1 1 IN+Rl 13T] IFNB in 50 mM sodium phosphate, 100 mM sodium chloride, 
pH 7.0 were PEGylated with SCM-PEG, 5 kDa or 12 kDa, with two times molar 
surplus of PEG to possible PEGylation sites, i.e. lysines and N-terminus. After 
incubation for 30 min at room temperature, the reaction was quenched by addition of 
5 Hi 20 mM glycine. pH 8.0. At this stage, the reaction mixture contained a minor part 
of unmodified protein judged by SDS-PAGE. 

In vitro testing using the primary screaimg assay demonstrated that the pegylated 
mat€dal r^ned 40% activity with 1-3 groups of 12 kDa PEG attached. With 1-3 
groups of 5 kDa PEG attached the retained bioactivity was 25%. 
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In another experiment 50 ^l of purified [Q49N+ 
Q51T+F1 1 lN+Rn3T+K19R+K45R+K123R] IFNB with a protein concentration of 
0.1 mg^ml was PEGylated in 50 mM sodium phosphate, 100 mM sodium chloride, pH 
8.0 with SCM- PEG, 5 kDa, with 20 times molar excess of PEG to possible 
PEGylation sites, i.e. lysines and N-termirais. After incubation for 30 min at room 
temperature, the reaction was quenched by addition of 5^1 20 mM glycine, pH 8.0. At 
this stage, the reaction mixture contained a minor part of unmodified protdn judged 
by SDS-PAGE. 

In vitro testing using the primary screening assjqr demonstrated that the 
pegylated material retained 45% activity with 1-3 groins of 5 KDa PEG attached. A 
higher molar surplus of PEG was needed to PEGylate variants in which one or several 
lysines were substituted wifli oflier amino add residues. 

Pegylated material was separated fiom unpegylated material and suiphis of 
PEG using either size-exclusion chromatography or cation exdiange chromatography 
or a combination of both. Size-exdusion chromatography was performed with a 
Superose 12 or Superdex 75 column fiwm Pharmacia equiUbrated with PBS buffer, 
pH 7.2. Cation exchange chromatography was performed on SP-Sepharose HP 
(Pharmacia) equilibrated with 20 mM dtrate, pH 2.7. Elution fiom the SP-Sepharose 
HP column was performed dther by increasing the concentration of salt (e.g. sodium 
chloride) or by increasing the pH of the buffer (e.g. sodium acetate or sodium 
phosphate). 



EXAMPLE 11 

Hyper-gfycosyUaed INF-P variant is stabilised by substitution of the cysteine in 
position 1 7 with serine 

CHOKl cells were transfected with plasmids encoding two hyper-glycosylated INF-P 
variants: [S2N,N4T, Q51N, E53T]INF-P (PF276) and [S2N, N4T, C17S, Q51N, 
E53T]INF-P (PF279). Ckmfluent stable primary transfection pools were expanded intc 
four T-175 flasks each. At confluenqy, the flasks were shifted bom serum containing 
medium to a serum-free medium based on DMEM/F-12 medium (Lifetecnologies 
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m045'Q2S) supplemented with 1/100 ITSA (Ufe Technologies #51300-044) and 
1/1000 Ex-Cyte (Serologicals Coip. #81-129). Every day, in 15 days, 120 ml of each 
variant was harvested and fiozen at —80 "C. 

The supematants ftom the daily harvest were ooUected and filtered through 
0.22 urn filter (PVDF hased). The supernatant was concentrated approxnnately 15 
times on a Vi vaflow 200 system equipped with a polyetheraulfon membrane with cut- 
off 10000 and flie concaitrated sample was ^lied on a S-SejAarose column 
equilibrated with 50 mM sodium acetate, 50 mMNaCI, pH 5.5 The IFNB variant 
eluted in a step with 50 mM sodiuni ac^e, 0.5 M NaCl, pH 5.5. 

The concentration of sodium chloride m tfie eluate fiwm the S-Sepharose 
column was adjusted to 1 .0 M and the sample was appUed on a Phenyl-Sepharose 
column equilibrated with 50 mM sodium acetate, 1.0 M sodium chloride, pH 5.5. 
Extensive washing witib the equilibration buffer was carried out before the IFNB 
variant was eluted with 60% ethylene glycol in 50 mM sodium acetate, pH 5.5. 

Unreduced SDS-PAGE following the purification clearly demonstrated the 
formation of dimer with [S2N, N4T, Q51N, E53T]INF-P whereas no dimer was 
present with [S2N. N4T. C17S, Q51N, E53T]INF-p. 

EXAMPLE 12 

Production, purification andPEGylation offC17S+Q49N+ Q51T+DJ10F+ 
FI1IN+ R113TJIFNB gfycosylation varianL 

A CHOKl sub-clone (5/G-lO) producmg [C17S+Q49N+ Q51T+D1 10F+ 
Fl 1 1N+ Rl ISTJIFNB glycosylation variant was seeded into 6 rolla: bottles, each 
with an expanded surfiice of 1700 cm* (Coming, USA), in 200 ml DMEM/F-12 
medhmi (LifeTedmologies; Cat. # 31330) supplemented with 10% FBS and 
penicillin/streptomycin (P/S). After 2 days the medium was exchanged. After another 
2 days the two loUer bottles were nearly 100% confluent and the medium was shifted 
to 300 ml serum-free UltniCHO medium (BioWhittaker, Cat # 12-724) supplemented 
with 1/500 EX-CYTE (Serologicals Proteins; Cat. # 81 129N) and P/S. Growing the 
cells in this medium promotes a higher cell mass, higher than can be achieved in the 
serum containing medhmi. After 2 days the medium was renewed. After another 2 
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days the medium was shifted to the production medium: DMEM/F-12 medium (Life 
Technologies; Cat. # 21041) supplemented with 1/100 ITSA (Life Technologies; Cat 
#51300-044) IjrSA stands for Insulin (LOg/L)-Ti^sferrin (0.55 g/L)- Selenium 
(0.67 mg/L) supplement for Adherent cultures], 1/500 EC-CYTE and P/S. The 
harvested media from Hhe roller bottles were pooled before a medium sample was 
taken out for IFNB activity detemiination. Eveiy day, in 21 days, 1.8 1 medhim was 
harvested and frozen at -80 ^C. 

The harvested media from roller bottles was centrifuged and filtered through a 
0.22 }xm filter (PVDF). The filtrated media was diafiltrated on a Vivaflow 200 system 
equipped with a polyethersulfon membrane with cut ofT 10000 and applied to a S-- 
Sepharose column (Pharmacia). 

The S-Sepharose column was equilibrated with 50 mM sodium acetate, 50 
mM sodium chloride, pH 5.5 and the interferon variant was eluted wifli 50 mM 
sodium acetate, 0.5 M sodium chloride, pH 5.5. The concentration of sodium chloride 
in the eluate was adjusted to 1.0 M. 

The eluate from the S-S^harose column was applied on a Phenyl-Sepharose 
High Perfomiance column (Pharmacia) equilibrated with 50 mM sodium acetate, 1.0 
M sodium chloride, pH 5,5. Following application the column was washed with 50 
mM sodium acetate, 50 raM sodium chloride, pH 5.5. The IFNB variant was eluted 
with a gradient from 50 mM sodium acetate, 50 mM sodium chloride, pH 5.5 to 60% 
ethylene glycol, 50 mM sodium acetate, pH 5.5 in 30 column volumes. Fractions 
containing fully glycosylated IFNB variant were collected and pooled. 

The ethylene glycol in the eluate from the Phenyl-Sepharose was removed by 
passing the eluate through a S-Sepharose colxmm equilibrated with 50 mM sodium 
acetate, 50 mM sodium chloride, pH 5.5. The ethylene glycol was in the flow through 
where as the interferon variant bound to the colunm. Following application flie 
column was washed with 20 mM sodium acetate, pH 5.5 and the int^eron variant 
was eluted with 100 mM sodium phosphate, pH 7.5. 

The phosphate concentration in the eluate was adjusted to 15 mM sodium 
phosphate buffer, pH 7.2. and applied on a hydroxyapatite colunm (CHT I , Ceramic 
hydroxyapatite. Type I, Biorad) equilibrated with 15 mM sodium phosphate, pH 7.2. 
The fully glycosylated form passed through, the column where as fiie 
underglycosylated form with one extra site used bound to the column and was eluted 
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with a linear sodium phosphate gradient from 1 5 mM to 200 mM sodium phosphate, 
pH 6.S in 20 column voltimes. 

The purity of the fully glycosylated variant [C17S+Q49N+ QSIT+Dl 10F+ 
Fl 1 1N+ Rl 13T]IFNB was judged to be higher than 95% based on SDS-PAGE. 

Following purification the variant was PEGylated, A fresh stock solution of 10 
mg/ml SCM-PEG (succinimidyl ester of carboxymethylated PEG from ShearwatCT, 
Alabama, 12 K or 20 K) was prepared in 96 % ethanol before each experiment 

A protein solution of 0. 1 mg/ml in 20 mM sodium phosphate, pH 7.0 was 
PEGylated with SCM-PEG, 20K, with 0.75 times molar surplus of PEG to possible 
PEGylation sites, i.e. lysines and N-tmninus. After incubation for 30 min at room 
temiperature, the reaction was quenched by addition of a surplus of 20 mM glydne, 
pH 8«0. The reaction mixture contained a mixture of mono-, di- and un-pegylated 
material. Mono*p^ylated material was separated from other species using either 
cation exchange diromatography or size-raclusion chromatogriq>hy or a combination 
of botii. pH in the PEGylation solution was adjusted to pH 2.7 and the sample was 
qiplied on a SP-Sepharose HR (Pharmacia) colimm equilibrated with 20 mM sodium 
citrate, pH 2.7. The pegylated protein was ehited from the colmnn with 50 mM 
sodium acetate containing 1 M sodium chloride and applied on a size-exclusion 
column, Sephaoyl S-100, ((16/60) Pharmacia) equilibrated with 100 mM sodium 
acetate, 200 mM sodium chloride, pH 5.5. Fractions containing mono-pegylated 
mat^al w^e pooled and characterized frirther. 

In another ^periment a protein solution of 0. 16 mg/ml in 20 mM sodium 
phosphate, pH 7.0 was PEGylated with SCM-PEG, 12K, with 2 times molar surplus 
of PEG to possible PEGylation sites, i.e. lysines and N-terminus. After incubation for 
30 min at room termperature, the reaction was quenched by addition of a surplus of 20 
mM glycine, pH 8.0. The reaction mixture contained a mixture of mono-, di-, tri- 
pegylated material together with underivatized material. The pegylated material was 
separated from the uiunodified protein using either cation exchange chromatography 
or size-exclusion chromatography or a combination of both. pH in flie PEGylation 
solution was adjusted to pH 2.7 and the sample was applied on a SP-Sepharose HR 
(Pharmacia) column equilibrated witii 20 mM sodium citrate, pH 2.7. The pegylated 
protein was eluted from the column with 50 roM sodium acetate containing 1 M 
sodium chloride and applied on a size-exclusion colimm, Sephacryl S-100, ((16/60) 
Phamiacia) equilibrated with 100 mM sodium acetate, 200 mM sodium chloride, pH 
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5.5, Fractions containing the mixture of mono-, di- and tri-pegylated protein were 
pooled and characterized further. 

EXAMPLE 13 

Production, purification andPEGylation offC17S-^K19R+K33R+K45R+Q49N'^ 
QSIT^DIIOF-^ FIJIN-^ R113TJIFNB glycosylation variant in Roller Bottles, 

A CHOKl sub-clone (5/G-lO) producing [C17S+K19R+ 
K33R+K45R+Q49N+ Q5IT+D1 10F+ Fl 1 1N+ Rl 13T]IFNB glycosylation variant 
was produced in 6 roller bottles as described in example 12 and purified according to 
the protocol used in example 12. The purity of the fully glycosylated variant 
[C17S+KI9R+ K33R+K45R+Q49N+ Q51T+DI 1 0F+ Fl 1 1N+ Rl 13T]IFNB was 
judged to be higher fiian 95% based on SDS-PAGE. 

Following purification flie variant was PEGylated. A fiesh stock solution of 
SCM-PEG (suocinimidyl esta: of carbo^Qntnethylated PEG from Shearwato:, 
Alabama, 12 kDa or 20 kDa) was prepared in ethanol before each e3q)eriment 

A protem solution of 0.1 mg/ml in 20 mM sodium phosphate, pH 7.0 was 
PEGylated with SCM-PEG, 20K, with 3 tunes molar surplus of PEG to possible 
PEGylation sites, i.e. lysines and N-terminus. Afier mcubation for 30 min at room 
termperature, the reaction was quenched by addition of a surplus of 20 mM glycine, 
pH 8.0. The reaction mixture contained a mixture of mono-, di- and un-pegylated 
material. Mono-pegylated material was separated from other iq>ecies using either 
cation exchange chromatography or size-exclusion chromatography or a combination 
of both. pH in the PEGylation solution was adjusted to pH 2,7 and the sample was 
applied on a SP-Sepharose HR (Pharmacia) column equilibrated with 20 mM sodium 
citrate, pH 2.7. The pegylated protein was eluted from the column with 50 mM 
sodium acetate containing 1 M sodixrai chloride and applied on a size-exclusion 
cblunm, Sephacryl S-100, ((16/60) Pharmacia) equilibrated with 100 mM sodium 
acetate, 200 mM sodium chloride, pH 5.5, Fractions containing mono-pegylated 
material was pooled and characterized further 

In another experiment a protein solution of 0.1 mg/ml in 20 mM sodium 
phosphate, pH 7.0 was PEGylated with (10 mg/ml) SCM-PEG, 12K, with 5 times 
molar surplus of PEG to possible PEGylation sites, i.e. lysines and N-terminus. After 
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incubation for 30 min at room termperature, the reaction was quenched by addition of 
a surplus of 20 mM glycine, pH 8^0. The reaction mixture contained a mixture of 
mono-, di-, tri-pegylated mataial together with underivatized material. The pegylated 
material was separated fixnn the unmodified protein using either cation exchange 
chromatography or size-exclusion chromatography or a combination of both. pH in 
the PEGylation solution was adjusted to pH 2.7 and the sample was applied on a SP- 
Sephaiose HR ^harmada) column equilibrated with 20 mM sodium citrate, pH 2.7. 
The pegylated protein was eluted fix)m the column with 50 mM sodium acetate 
containing 1 M sodium chloride and ^Ued on a size-exclusion colunm, Sephaciyl S- 
100, ((16/60) Pharmada) equilibrated with 100 mM sodium acetate, 200 mM sodium 
chloride, pH 5,5. Fractions containing flie mixture of mono-, di- and tri-pegylated 
protdn were pooled and diaracterized furth^. 
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CLAIMS 

1. Use of an interferon P polypeptide having at least 70% identity with wildtype 
human interferon p, for the manufecture of a medicament for treatment of stroke or 
cerdnovascular acddent (CVA) in a primate, ^ human. 

2. Use of an interferon p polypeptide having at least 70% identity with wUdtype 
human interferon p. for the manufacture of a medicament for treatment of ischemic 
stroke in a primate, eg human, eg embolic stroke, cardioemboUc stroke, thrombotic 
stroke, large vessel thrombosis, lacunar inferction, artery-aitery stroke, or cryptogenic 
stroke. 

3. Use of an interferon P polypeptide having at least 70% identity with wfldtype 
human interferon p, for the manufacture of a medicament for treatment of 
hemorrhagic stroke in a primate, eg human, eg intraparenchymal stroke, subdural 
stroke, epidural stroke, or subarachnoid stroke. 

4. Use of an interferon P polypeptide having at least 70% identity with wildtype 
human faiterferon p, for the manufecture of a medicament for treatment of transient 
isdiemic. attack in a primate, eg human. 

5. The use of any one of claims 1-4 wherein the interferon P polypeptide is 
glycosylated, ^N-glycosylated. 

6. The use of claim 5 wherein the interferon p polypqjtide is asialo-glycosylated. 

7. The use of clahn 5 or 6 wherein the interferon p polypq»tide has fiom 1-4 
sugar moieties, such as 1-3, eg 3. 



8. The use of any one of claims 1 -7 wherdn the interferon p polypeptide 
comprises a polymer. 
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9. The use of claim 8 wherein the polymer comprises 1-3 PEG molecules, such 
asI2kDaP£G. 

10. The use of claim 9 wherein the polymer comprises 1 PEG molecule, such as 
20kDaPEG. 

1 1 . The nse of any one of claims 1-10 wherein tiie interferon p polypeptide 
comprises one of the following sets of mutations relative to wild-type human 
interferon P with &e amino acid sequence shown in SEQ ID NO 2: 

DllOF; 

K19R+K33R+K45R; 

C17S+D110F; 

C17S+Q49N+Q51T; 

C17S+F111N+R113T; 

C17S+Q49N+Q51T+F1 1 IN+Rl 13T; 

D110F+F111N+R113T; 

CI 7S+D1 10F+ Fl 1 1N+ RUST; 

C17S+Q49N+ Q51T+D1 10F+ Fl 1 1N+ Rl 13T; 

C17S+K19R; 

C17S+K33R; 

C17S+K45R4 

C17S+K19R+K33R+K45R; or 

C17S+K19R+K33R+K45R+Q49N+ Q51T+D1 10F+ Fl 1 1N+ Rl 13T. 

12. The use of any one of claims 1-4 wherein the interferon p polypeptide is 
selected fiom interferon pib (Betaseron®), and interferon pla (Avonex® and 
Rebif®). 



13, The use of any one of claims 1-12 wherdn the medicament is to be 
administered parenterally, such as intravenously, intramuscularly, intraperitoneally, 
subcutaneously. 
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Mocftaget PVS 
f2 MffS. 2002 



tgcaaccttt cgaagccttt gctctggcac aacaggtagt aggcgacact 



SEQUENCE LISTING 

SEQ ID NO 1 
acattctaac 

gttcgtgttg tcaacatgac caacaagtgt ctcctccaaa ttgctctcct gttgtgcttc 
120 

tccactacag ctctttccat gagctacaac ttgcttggat tcctacaaag aagcagcaat 
180 

tttcagtgtc agaagctcct gtggcaattg aatgggaggc ttgaatactg cctcaaggac 

240 

aggatgaact ttgacatccc tgaggagatt aagcagctgc agcagttcca gaaggaggac 
300 

gccgcattga ccatctatga gatgctccag aacatctttg ctattttcag acaagattca 
360 

tctagcactg gctggaatga gactattgtt gagaacctcc tggctaatgt ctatcatcag 
420 

ataaaccatc tgaagacagt cctggaagaa aaactggaga aagaagattt caccagggga 
480 

aaactcatga gcagtctgca cctgaaaaga tattatggga ggattctgca ttacctgaag 
540 

gccaaggagt acagtcactg tgcctggacc atagtcagag tggaaatcct aaggaacttt 
600 

tacttcatta acagacttac aggttacctc cgaaactgaa gatctcctag cctgtgcctc 
660 

tgggactgga caattgcttc aagcattctt caaccagcag atgctgttta agtgactgat 
720 

ggctaatgta ctgcatatga aaggacacta gaagattttg aaatttttat taaattatga 
780 

gttattttta tttatttaaa ttttattttg gaaaataaat tatttttggt gcaaaagtca 
840 



SEQ ID NO 2 

MSYNLLGFLQ RSSNFQCQKL 
EMLQNIFAIF RQDSSSTGWN 
HLKRYYGRIL HYLKAKEYSH 



LWQLNGRLEY CLKDRMNFDI 
ETIVBNLIiAN VYHQINHLKT 
CAWTIVRVBI LRNFYFINRL 



PEEIKQLQQF QKEDAALTIY 
VLEEKUEICED FTRGKLMSSL 
TGYLRN 



